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NEW  TASKS  OF  CHEMICAL  SCIENCE  AND 


INDUSTRY 


Outstanding  achievements  in  industry,  in  agriculture,  in  the  development  of  science  and  culture,  and  in 
the  improvement  of  the  material  welfare  of  the  working  man  greet  our  nation  at  the  forthcoming  21st  Conven* 
tion  of  the  Communist  Party  of  the  Soviet  Union. 

The  Soviet  nation  under  the  guidance  of  the  Communist  Party  has  accomplished  great  transformations, 
making  it  possible  for  our  country  to  enter  a  new  and  most  Important  period  of  its  development  -  a  period  of 
the  expanded  building  of  a  communistic  society.  The  main  tasks  of  this  period  will  be:  the  creation  of  a  com** 
munism  based  on  improved  material  technology,  further  strengthening  of  the  economic  might  of  our  Country, 
and  simultaneous  with  this  a  constantly  more  complete  satisfaction  of  the  growing  material  and  spiritual  needs 
of  the  Soviet  people. 

In  the  development  of  the  national  economy  of  the  USSR  for  the  next  15  years  it  is  predicted  that  the 
decisive  branches  of  USSR  industry  will  increase  their  production  by  more  than  2-3  times  during  this  period. The 
prospective  plan  for  the  development  of  the  national  economy  in  the  next  15  years  is  an  economic  program  of 
the  building  of  communism  in  the  USSR,  and  the  control  figures  for  the  development  of  the  national  economy 
during  1959-1965  are  an  integral  part  of  this  prospective  plan.  The  main  problem  of  the  forthcoming  seven 
years  is  an  accelerated  development  of  the  national  economy  on  the  road  to  communism.  The  total  industry 
production  in  1965  when  compared  with  1958  will  increase  by  approximately  80%,  this  being  composed  of  an 
85-88%  increase  in  the  production  of  Group  "A",  the  manufacture  of  industrial  machinery,  and  a  62-65%  in¬ 
crease  in  the  production  of  Group  "B",  the  manufacture  of  consumer  goods.  The  average  annual  Increase  in 
production  during  1959-1965  for  industry  as  a  whole  will  be  approximately  8.6%  If  in  1952  a  1%  Increase  in 
the  total  production  (not  including  small  secondary  industry)  represented  5  billion  rubles,  then  in  1965  a  similar 
increase  will  correspond  to  approximately  19  billion  rubles,  and  the  average  annual  increase  in  industrial  pro¬ 
duction  in  the  forthcoming  seven-year  plan  will  be  nearly  135  billion  rubles. 

Special  attention  will  be  given  to  chemical  developments.  The  chemical  industry  in  the  USSR  was  created 
during  the  Soviet  regime.  About  70  chemical  plants  were  built  even  in  the  early  five-year  plans,  including 
such  giants  as  the  mining  and  chemical  combine  "Apatite",  the  Bereznikov,  Gorlov,  Stalinogorsk,  Voskresenskii, 
Nevsk  and  Konstantinova  nitrate  and  superphosphate  plants,  the  Solikamsk  potash  and  Yaroslavl  rubber -asbestos 
combines,  and  many  others.  The  production  of  synthetic  rubber  by  the  S.  V.  Lebedev  method  began  in  our 
country  many  years  before  it  did  in  either  Germany  or  the  United  States,  both  having  a  highly  developed  chem¬ 
ical  industry.  The  development  of  the  chemical  industry  in  our  country  also  continued  in  subsequent  years.  In 
1957  the  total  volume  of  chemical  production  in  our  country  increased  112  times  when  compared  with  1913,  and 
5  times  when  compared  with  1940.  At  the  present  time  the  Soviet  Union  occupies  second  place  in  the  world  in 
the  volume  of  chemical  production. 

The  May  Plenum  of  the  Central  Committee  of  the  Communist  Party  of  the  Soviet  Union  promulgated  the 
task  of  an  accelerated  development  of  the  chemical  industry,  especially  in  the  manufacture  of  synthetic  mate¬ 
rials,  needed  to  satisfy  the  requirements  of  the  population  on  the  need  for  clothing,  footwear,  fabrics  and  articles 
of  domestic  and  farm  use,  and  also  for  the  needs  of  industry,  agriculture  and  construction.  In  the  current  report 
of  Comrade  n.  s.  Khrushchev  entitled  "Control  Figures  for  the  Development  of  the  National  Economy  in  the 
USSR  During  1959-1965"  it  is  proposed  to  increase  the  total  volume  of  chemical  production  nearly  3  times  in 
the  next  seven  years.  The  production  of  synthetic  materials  should  receive  broad  development;  the  output  of 
chemical  fibers  to  increase  by  3.8-4  times,  with  that  of  the  most  valuable  synthetic  fibers  to  increase  by  12-14 
times,  and  the  output  of  plastics  and  synthetic  resins  to  increase  6.7  times  The  production  of  mineral  fertilizer 
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will  be  increased  nearly  3  times,  and  there  will  be  an  especially  large  increase  in  the  production  of  concentrated 
mineral  fertilizers,  more  effective  organophosphorus  compounds  for  fighting  plant  pests  and  diseases,  and  also 
chemical  weed -control  agents. 

The  creation  of  a  large -capacity  synthetic  materials  industry  is  based  on  a  utilization  of  naturally  occurring 
gases  and  the  by-product  gases  from  the  petroleum  industry.  The  utilization  of  the  by-product  gases  from  the 
petroleum  Industry  in  the  production  of  synthetic  rubber  will  make  it  possible  to  effect  a  saving  of  about  1.3 
billion  rubles  in  capital  expenditure  in  the  next  seven  years.  The  production  of  nitrogen -containing  fertilizers 
will  also  be  based  mainly  on  the  utilization  of  naturally  occurringgases, which  will  permit  setting  free  about  4 
billion  rubles  of  capital  outlay. 

The  large-scale  production  of  new  types  of  synthetic  materials  will  make  it  possible  to  sharply  expand  the 
output  of  high-quality  and  cheap  articles  of  common  use.  In  the  next  seven  years  It  will  be  necessary  to  build 
and  complete  the  construction  of  more  than  140  large  chemical  plants  and  to  rebuild  more  than  130  plants.  The 
creation  of  large  combination  plants  for  the  complex  processing  of  by-product  gases  from  the  petroleum  industry, 
naturally  occurring  gases,gases  from  petroleum -refining  plants,  and  other  types  of  raw  material,  is  planned. 

Soviet  science  comes  to  the  21st  Convention  of  the  Communist  Party  of  the  Soviet  Union  with  magnificent 
conquests,  sounding  out  to  the  whole  world.  The  majestic  program  of  an  expanded  communistic  development  in 
our  country,  outlined  in  the  report  of  Comrade  N.  S.  Khrushchev,  inspires  Soviet  scientists  to  the  winning  of  new 
heights  in  world  science. 

At  the  present  time  our  country  has  available  a  vast  base  of  science  material  and  an  army  of  thousands  of 
scientists.  Besides  the  Academy  of  Sciences,  only  the  laboratories  of  9  universities  and  of  several  other  higher 
schools  occupied  themselves  with  science  in  czarist  Russia,  and  at  the  present  time  there  are  about  1000  institu¬ 
tion  of  higher  learning  in  the  USSR,  including  such  as  the  gigantic  Moscow  State  University,  several  thousand 
research  departments  of  various  institutes  in  the  fields  of  industry,  agriculture,  public  health,  etc. ,  the  center  of 
science  —  The  Academy  of  Sciences  of  the  USSR  with  its  institutes  and  laboratories,  as  well  as  the  scientific 
academies  of  the  different  Soviet  Rupublics.  All  of  this  creates  a  great  potential  for  solving  the  principal  and 
most  Important  problems  in  science. 

Although  it  was  stated  as  early  as  last  May  in  the  report  delivered  by  Comrade  N.  S.  Krushchev  to  the 
Plenum  of  the  Communist  Party  of  the  Soviet  Union  that  Soviet  scientists  have  made  notable  contributions  in  the 
field  of  chemical  science,  there  still  exists  a  noticeable  lag  in  some  of  its  ramifications.  This  primarily  refers 
to  the  field  of  synthetic  fibers  and  plastics.  Insufficient  attention  is  still  being  given  to  the  research  problems 
connected  with  the  production  and  use  of  synthetic  materials.  Here  we  are  still  faced  with  the  task  of  a  huge 
organized  research  effort.  It  consists  primarily  in  a  rational  distribution  of  the  work  between  academic  institutes, 
industrial  institutes  and  plant  laboratories.  Some  institutes  are  far  removed  from  industry,  are  not  sufficiently 
acquainted  with  its  needs  and  problems,  and  frequently  operate  without  the  necessary  contact  with  those  depart¬ 
ments  of  institutes  that  work  on  the  engineering  and  technological  aspects  of  new  processes. 

It  should  be  acknowledged  that  we  still  lack  a  sufficiently  broad  front  of  new  research  studies,  assuring  the 
creation  of  a  reservoir  of  scientific  knowledge, which  is  necessary  especially  in  such  a  field  as  new  synthetic 
materials.  It  is  imperative  that  a  large  portion  of  the  scientists,  operating  in  academic  institutes,  devote  their 
research  efforts  to  seeking  new  methods  that  will  facilitate  the  best  execution  of  the  enormous  tasks  presently 
confronting  Soviet  chemists. 

The  Soviet  people  should  be  assured  of  having  at  their  disposal  various  types  of  fabrics  made  from  artificial 
and  synthetic  fibers,artificial  leather  and  fur.not  only  of  a  high  quality  but  also  much  cheaper  than  the  natural. The  build 
ing  and  furniture  industries  should  receive  durable  and(attractive)handsome  materials  based  on  synthetic  polymers. 
Here  a  broad  field  of  activity  opens  up  for  research  in  the  fields  of  the  chemistry  of  high-molecular  compounds, 
organic  synthesis  and  catalysis,  physical  chemistry,  and  the  physics  of  solids  and  crystals.  The  problem  of  creating 
artificial  materials  with  certain  given  properties  has  to  be  solved.  Advances  in  the  chemistry  of  high-molecular 
compounds,  the  latest  achievements  in  the  field  of  theoretical  organic  chemistry,  the  radiation  chemistry  of 
polymers,  the  successfully  worked"out  methods  of  effective  graft  and  block  copolymerization  and  the  synthesis  of 
oriented  polymers  will  all  partially  help  in  the  solution  of  this  problem.  Its  solution  should  also  be  facilitated 
by  conducting  theoretical  studies  in  the  field  of  the  chemistry  of  heteroorganic  compounds,  and  by  the  synthesis 
of  polymers  based  on  these  compounds,  containing  in  their  composition  silicon,  fluorine,  phosphorus,  various 
metals,  and  other  elements. 
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An  energetic  development  of  the  chemistry  of  high-molecular  compounds  will  permit  a  constantly  in¬ 
creasing  replacement  of  empirical  directions  for  the  preparation  of  plastics  and  other  hlgh-molecililar  materials 
by  strictly  scientific  rules.  Theoretical  studies  on  the  development  of  new  and  improved  technological  processes 
will  also  be  expanded.  We  should  create  highly  efficient  and  economically  feasible  methods  for  the  processing 
of  both  natural  and  petroleum  by-product  gases,  of  petroleum,  of  coal,  and  of  various  plant  wastes,  which  would 
permit  obtaining  raw  materials  for  the  synthesis  of  polymeric  materials,  and  we  should  also  create  commercial 
methods  for  the  preparation  and  processing  of  polymers. 

A  new  branch  of  chemical  science,  namely  radiation  chemistry,  will  receive  special  attention  in  the 
forthcoming  seven-year  plan.  It  is  also  proposed  to  expand  the  studies  pertaining  to  the  chemistry  and  technology 
of  the  rare  elements,  the  importance  of  which  in  the  national  economy  rises  sharply  In  proportion  to  expansion 
in  the  research  investigations  directed  to  a  study  of  their  properties  and  to  a  search  for  new  fields  of  their  appli¬ 
cation.  Technical  progress  In  atomic  energetics  and  in  the  metallurgical,  aviation,  machine -construction,  chem¬ 
ical,  radiotechnical  and  optical  industries  depends  to  a  large  degree  on  the  assured  availability  of  the  rare  ele¬ 
ments  In  sufficient  amounts. 

Devoting  their  forces  first  of  all  to  a  solution  of  actual  scientific  problems,  having  paramount  Importance 
for  the  national  economy,  both  research  institutes  and  higher  educational  institutions  should  arrive  at  a  point 
where  scientific  problems  are  worked  out  exhaustively  and  In  an  encompassing  manner  where  the  investigations 
are  quickly  brought  to  a  close,  and  where  the  investigations  results  are  introduced  without  delay  into  industry. 

An  end  must  be  put  to  the  practice  where  individual  workers  and  laboratories  In  some  scientific  institutions 
labor  for  a  long  time  without  showing  serious  research  productivity. 

The  majestic  plan  for  the  future  development  of  the  national  economy  in  the  USSR  during  1959-1965  con¬ 
fronts  the  scientists  with  some  great  tasks.  There  is  no  doubt  but  that  Soviet  scientists  will  fulfill  these  tasks. 
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POLAROGRAPHIC  BEHAVIOR  OF  METAL  IONS  IN  THE  SYSTEM 


FORMIC  ACID-WATER 

P.  K.  Migal*  and  V.  G.  Agas'eva 
Kishinev  State  University 


Polarographic  studies  in  mixed  solvents  are  of  great  theoretical  interest,  since  various  physicochemical 
transformations,  progressing  in  the  studied  media,  can  affect  the  electroreduction  of  ions.  The  use  of  binary 
liquid  systems  as  solvents  in  the  polarographic  study  of  the  reduction  of  metal  ions,  especially  in  the  case  where 
chemical  reaction  between  the  components  of  the  system  is  postulated,  should  give  some  valuable  Information 
regarding  the  physicochemical  nature  of  the  studied  medium.  The  purpose  of  the  present  investigation  was  to 
study  the  effect  of  the  composition  of  a  mixed  solvent  on  the  polarographic  characteristics  (in  particular,  on  the 
diffusion  current)  of  simple  metal  ions,  and  to  use  the  obtained  data  to  construct  the  phase  diagrams.  We  selec^ 
ed  the  system  formic  acid-water  as  the  mixed  solvent. 

• 

A  study  of  the  physicochemical  properties  of  the  system  HCOOH-H^O  was  made  by  A.  A.  Glagoleva.  She 
studied  the  viscosity  [1],  electroconductivity  [2],  surface  tension  [3],  density  [4]  and  fusibility  [5]  of  the  indicated 
binary  system. 

Analysis  of  the  isotherms  of  the  system  made  it  possible  to  establish  the  presence  and  composition  of  two 
hydrates  in  the  system,  and  specifically  HCOOH  •  HjO  and  HC(X)H  •  2HjO. 

As  was  shown  by  N.  A.  Izmailov  and  V.  D.  Bezuglyi  [6],  a  change  in  the  value  of  the  diffusion  current  in 
going  from  water  to  a  nonaqueous  solvent  can  be  due  to  a  change  in  the  viscosity,  size  of  the  particles  being 
reduced,  concentration  of  the  substance  being  reduced,  pH,  etc.  The  relationship,  derived  from  the  Ilkovic  and 
Stokes-Einstein  equations  [7],  is  usually  used  in  discussing  the  effect  of  solvent  viscosity  on  polarographic  dif¬ 
fusion  currents: 

=  const,  (1) 


where  :  Kj  =  ij/c  is  the  diffusion-current  constant,  and  q  is  the  viscosity  of  the  solvent. 

It  was  shown  by  A.  M.  Zan’ko  and  F.  A.  Manusova  [8]  that  the  nature  of  the  solvent  exerts  great  Influence 
on  the  polarographic  diffusion  current.  They  found  that  the  height  of  the  Cd  wave  in  the  system  formamide  ” 
water  passes  through  a  maximum  when  the  formamide  is  diluted.  The  authors  explain  this  anomalous  change  in 
the  value  of  ij  as  due  to  a  change  in  the  nature  of  the  solvent  itself  as  the  result  of  reaction  between  formamide 
and  water. 

Other  authors  [9-111  also  found  that  an  aqueous  alcohol  solvent  exerts  substantial  influence  on  the  value 
of  the  polarographic  diffusion  current  of  ions  of  the  alkali  and  alkaline  earth  metals  when  the  alcohol  concentra¬ 
tion  is  varied  from  0  to  100«/o  They  associate  the  minimum,  found  at  80%  alcohol,  with  supersolvation  of  the 
ions. 


EXPERIMENTAL 

The  polarographic  properties  of  the  ions  Cd^^,  Zn^^  and  Pb^^  were  studied  in  aqueous  formit^acid  medium. 
We  used  0. 1  M  KCl  solution  as  the  "indifferent"  electrolyte  in  the  polarographing  of  Cd  and  Zn  The 
polarographing  of  Pb  was  run  without  an  "indifferent"  electrolyte  using  an  aqueous  solution  of  the  acid  as  the 
support. 
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Fig.  1.  Relationship  between  the 
diffusion  current  and  the  concen¬ 
tration  of  cadmium  ions. 

HCOOH  concentration  (in  %): 

1)  5;  2)  17;  3)  32;  4)  66;  5)  86; 

6)  100. 


Fig.  2.  Relationship  between 
the  diffusion  current  and  the 
concentration  of  zinc  ions. 
HCOOH  concentration  (in  %): 
1)  10;  2)  17;  3)  24;  4)  32; 
5)  42;  6)  53. 


The  aqueous  formic  acid  solvent  was  prepared  from  anhydrous  HCOOH,  which  was  prepared  using  the 
method  described  by  Lange  [  12].  The  purity  of  the  acid  was  controlled  by  the  specific  electroconductivity 
and  the  density.  The  formic  acid  used  by  us  had  the  following  constants;  k  =  7.5  •  10"®  ohm  cm'*  .  The 
polarographing  was  run  in  acid  ranging  in  concentration  from  0  to  100«7o.  We  investigated  6-7  metal-ion 
concentrations  in  the  interval  0.2  to  0.9  mmole/ liter,  in  each  mixed  solvent.  The  same  capillary  with  the 
characteristics  mVs  t*/  s  =1.82  mgV s  •  sec  'V2,  was  used  in  all  of  the  experiments.  The  calomel  electrode, 
saturated  in  75%  HCOOH,  served  as  the  reference  electrode.  The  polarographic  cell  used  in  the  study  was 
built  along  the  lines  of  the  Maassen  apparatus  [7].  The  investigated  solution  was  separated  from  the  reference 
electrode  by  a  glass  filter.  The  polarographic  cell  was  kept  in  a  thermostat  at  25  i  0.2*.  Dissolved  oxygen  was 
removed  by  blowing  with  nitrogen.  Blowing  for  up  to  1.5  hours  was  required  in  the  case  of  high  oxygen  concen¬ 
trations.  The  nitrogen  was  first  passed  through  a  corresponding  solution,  where  it  became  saturated  with  acid  and 
water  vapors. 

To  run  the  experiments  we  used  a  homemade  polarographic  apparatus  with  a  mirror  galvanometer  having 
a  sensitivity  of  1,44'  10"®  amp/mm.  The  accuracy  of  measuring  the  potentials  was  ±  0.005  v.  Depending  on 
the  composition  of  the  solvent,  the  resistance  of  the  polarographic  cell  ranged  from  approximately  1000  to 
8000-10,000  ohms. 


Taking  into  consideration  the  ohmic  drop  of  the  voltage  in  the  polarographic  cell,  a  correction  was  made 
for  all  of  the  points  on  the  polarographic  curve,  after  which  the  corresponding  slope  coefficients  of  the  straight 


lines  were  found  from  the  plots  (p  —  log 
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Fig.  3.  Relationship  between 
the  diffusion  current  and  the 
concentration  of  lead  ions. 
HCOOH  concentration  (in 
1)  5;  2)  10;  3)  32;  4)  59;  5) 
82;  6)  100. 


Distinct  polarographic  waves  for  the  metal  ions  were  obtained  in  both 
aqueous  formic  acid  solvents  and  anhydrous  formic  acid,  even  in  the  absence 
of  an  *indiffer^t"  elec^lyte.  In  contrast  to  aqueous  solutions,  the  polaro- 
graphing  of  Zn  and  Pb  in  water  formic  acid  medium  was  not  accom  ** 
panied  by  the  appearance  of  maxima  on  the  volt  —  ampere  curves,  which 
is  explained  by  the  powerful  surface -active  properties  of  formic  acid. 

The  relationships  between  the  diffusion  cunent  and  the  metal  ion 
concentration  are  shown  in  Figs.  1*"  3.  As  can  be  seen  from  these  graphs, 
a  proportionality  between  the  strength  of  the  diffusion  current  and  the 
metal -ion  concentration  are  shown  in  Figs.  1-3.  As  can  be  seen  from 
these  graphs,  a  proportionality  between  the  strength  of  the  diffusion  cunent 
and  the  metal -ion  concentration  exists  at  all  of  the  concentrations  in¬ 
vestigated.  Here  the  diffusion -cunent  constant  Kj  changes  substantially 
with  change  in  the  acid  concentration,  as  is  obvious  from  the  data  given  in 
the  table  and  plotted  in  Figs.  4—6.  The  enor  in  measuring  Kj  was  2— 3<?t. 

The  slope  coefficients  of  the  strai^t  lines  ^  —  log  — - — ,  found 

for  Cd  ,  Zn  and  Pb  in  water— forming  acid  solutions,  lie  close  to  the 
theoretical  values,  which  is  evidence  that  the  reduction  process  is  revers¬ 
ible. 


From  Figs.  4  and  6  it  can  be  se^  that  th^^change  in  the  values  of 
the  diffusion-current  constants' for  Cd  and  Pb  with  increase  in  the  acid 
concentration  is  accompanied  by  the  appearance  of  two  distinct  maxima 
at  an  acid  concentration  of  30  and  50  mole  In  polarographing  Zn  it 
proved  impossible  to  investigate  the  region  of  acid  concentrations  above 
50  mole  •’Jo  due  to  the  super  imposition  of  the  hydrogen  ion  wave,  but,  as 
cai|^  seen  from  Fig.  5,  the  change  in  the  diffusion  current  constants  of 
Zn  is  also  accompanied  by  the  appearance  of  a  maximum  in  the  region 
of  30-40  mole  %  acid.  This  change  in  K,  is  undoubtedly  associated  with 
the  formation  of  hydrated  complexes  of  the  acld,having  one  and  two  mo¬ 
lecules  of  water,and,respectlvely  corresponding  to  33  and  50  mole  <^()HC(X)H. 
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Fig.  4. Diagram  of  solvent  composition  vs 
diffusion -current  constant  of  cadmium  ions 
I)  K,  ;  II)  K,  T,  III)  tj  . 


Fig.  5.  Diagram  of  solvent  composition  vs 
dlffusion-cunent  constant  of  zinc  ions. 


I)K5,  II)K,n^A;  111)1). 
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Polarographlc  Characteristics  of  Cd  ,  and  Pb*"*'  In  the  System  HCOOH—HjO 


Mole  % 

HCOOH 

Cd++  I 

Zn++ 

l>b^  + 

K, 

slope  ooef- 
iefent  of 
he,  . 
i|,,igh, 

’-"'lib 

K, 

"PV. 

Siege  coeb 
Fi^clent  of 
the,  . 

’f'lt 

slope  coef- 
iicient  of 
^e^straight 

0 

2.52 

0.54 

0.030 

2.76 

0.96 

0.030 

5 

2.63 

0.53 

0.028 

2.64 

0  92 

0.031 

2.90 

0..30 

0.026 

10 

— 

— 

— 

2.52 

0.90 

0.031 

2.;k) 

0.32 

0.029 

17 

2.95 

0.51 

0.028 

2.48 

0.89 

0.030 

2.84 

0..30 

0.026 

24 

3.04 

0.49 

0.029 

2.29 

0.87 

0.030 

2.74 

0.29 

0.028 

32 

3.02 

0.48 

0.027 

2.38 

0.85 

0.032 

3.18 

0.28 

0.027 

42 

2.96 

0.47 

0.030 

2.44 

0.83 

0.030 

2.93 

0.27 

0.029 

53 

2.99 

0.46 

0.032 

2.32 

0.82 

0.034 

2.93 

0.24 

0.026 

59 

— 

— 

— 

— 

— 

— 

2.86 

0.23 

0.029 

66 

2.81 

0.45 

0.031 

— 

— 

— 

2.64 

0.22 

0.026 

73 

2.62 

0.45 

0.035 

— 

— 

_ 

_ 

_ 

82 

2.48 

0.44 

0.030 

— 

— 

— 

2.50 

0.19 

0.028 

100 

2.37 

0.43 

0.033 

2.47 

0.17 

Fig.  6.  Diagram  of  solvent  composition 
vs  diffusion  current  constant  of  lead  Ions. 
1)  Kj;  II)  Kj  T)  Vl;  III) 


The  maxima  for  the  diffusion -current  constants,  appearing 
in  the  Interval  of  acid  concentrations  corresponding  to  the  forma¬ 
tion  of  hydrated  complexes,  are  evidently  linked  with  a  change 
in  the  solution  structure,  which  leads  to  a  reduction  in  the  dimen¬ 
sions  of  the  solvate  shell  of  the  ion.  A  reduction  in  ion  dimen¬ 
sions  facilitates  its  more  rapid  movement  to  the  electrode  surface 
and.  consequently,  an  increase  in  the  diffusion  current. 

The  magnitude  of  the  diffusion  current  depends  mainly  on 
D— the  diffusion  coefficient  of  the  ion.  A  change  in  the  diffusion 
coefficient  may  be  due  to  both  a  change  in  the  dimensions  of  the 
solvate  shells  of  the  ions  and  a  change  in  the  viscosity  of  the  solvent 
In  this  connection  we  used  the  II kovlc -Stokes -Einstein  equation  (1) 
to  correct  the  diffusion  current  constants  for  viscosity.  The  viscos¬ 
ity  values  used  were  taken  from  [1].  Results  are  plotted  in  Figs. 

4—6.  The  maxima  on  the  rj  V*  —  solvent  composition  curves 
are  expressed  as  clearly  as  on  the  K^—  solvent  composition  curves. 


This  indicates  that  supersolvation  of  the  ions  plays  the  major  role  in  increasing  diffusion  current  constant  values 
in  the  region  of  acid  concentrations  corresponding  to  the  hydrated  composition  although  the  viscosity  curves  also 
indicate  that  two  hydrates  are  present 


SUMMARY 

1.  The  polarographlc  characteristics  of  the  ions  Zn^'*’ and  Pb^'*’  in  the  system  HC(X)H-HjO  were 

studied. 

2.  The  plots  of  diffusion-current  constant  vs  solvent  composition  were  obtained.  It  was  shown  that  the 
change  in  the  diffusion-current  constants  as  a  function  of  solvent  composition  is  accompanied  by  the  appearance 
of  two  maxima  in  the  concentration  interval  corresponding  to  the  composition  of  the  mono-  and  dlhydrates  of 
the  acid,  which  is  in  accord  with  the  curves  for  the  viscosity,  electroconductivity,  and  other  studied  properties, 
of  the  system  HCOOH-HjO. 
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POLAROGRAPHIC  BEHAVIOR  OF  METAL  IONS  IN  THE  SYSTEM 
ACETIC  ACID-WATER 

P.  K.  MIgal’  and  V.  G.  Agas’eva 
Kishinev  State  University 


In  the  previous  paper  [  1]  we  had  studied  the  behavior  of  the  ions  Cd  ^ and  Pb^  in  the  system  formic 
acid-water.  The  present  paper  is  devoted  to  a  study  of  the  influence  exerted  by  the  composition  of  water-acetic 
acid  solvents  on  the  polarographic  diffusion  current  of  simple  metal  ions. 

A  detailed  study  of  the  physicochemical  properties  of  the  system  CH/3OOH-H2O  was  made  by  A.  A. 
Glagoleva.  She  studied  the  viscosity  [2],  electroconductivity  [3],  density  [4]  and  surface  tension  [5]  of  the  in¬ 
dicated  system.  These  studies  revealed  that  the  system  CH^OOH-H20  is  an  irrational  one,  since  both  maxima 
and  minima,  characterizing  the  formation  of  hydrated  complexes  with  composition  CHsCOOH  •  H^  and 
CH/I^OOH  •  2H2CX  were  found  to  be  present  on  the  isotherms  of  all  of  the  studied  physicochemical  properties 
In  a  certain  region  of  acid  concentration. 


EXPERIMENTAL 

The  cations  Cd  ,  Zn  and  Ni  were  subjected  to  polarographic  reduction.  We  used  0.01  M  NH4NO3 
solution  as  the  indifferent  electrolyte.  The  aqueous  acetic  acid  solvent  was  prepared  from  anhydrous  CHsCOOH 
and  double -distilled  water.  The  acid  used  In  our  experiments  had  the  following  constants:  b.p.  118*, m.p.  16*, 
1.049.  The  polarographing  was  run  In  the  acid -concentration  range  of  0  to  80  mole  %.  Six  concentrations 
of  metal  ion  were  investigated  in  each  mixed  solvent  in  the  interval  of  0.2  to  1  mmole/ liter.  The  reference 
electrode  was  a  saturated  calomel  electrode.  The  measurements  were  made  at  25  1  0.?. 


The  polarographic  cell,  method  of  oxygen  removal  and  characteristics  of  the  capillary  have  been  described 
earlier  [1]. 

In  finding  the  true  values  of  the  half-wave  potentials  and  in  verifying  the  reversible  nature  of  the  electro¬ 
reduction  process  by  the  method  of  plotting  the  graphs  of  </>  vs  log  f ^  i  ^ —  we  made  a  correction  for  the 

4*4’  4^ 

voltage^rop  in  the  polarographic  cell  due  to  ohmic  resistance.  Distinct  polarograms  for  the  Ions  Cd  ,  Zn 
and  1^  were  grained  in  all  of  the  mixed  solvents  investigated.  In  contrast  to  water  solutions,  the  polarographing 
of  Zn  and  Ni  in  water-acetic  acid  medium  was  not  accompanied  by  the  appearance  of  maxima  on  the  volt  - 
ampere  curves,  which  is  explained  by  the  powerful  surface -active  properties  of  acetic  acid. 


The  measurement  results  are  given  in  the  table;  the  relationship  between  the  diffusion  current  and  the 
metal-ion  concentration  is  shown  in  Fig.  1-3.  As  can  be  seen  from  these  graphs,  a  proportionality  between  1^  and 
C  was  observed  in  the  investigated  interval  of  acid  concentration  (0-80  mole%).  The  error  In  measuring  was 
2-3% 


The  slope  coefficients  of  the  straight  lines  (p  vs  log 


(2.3 


i 

RT 


for  the  ions  Cd  and  Zn  in  acetic  acid 


-).  which  indicates  the  reversible  nature  of 


solutions  practically  coincide  with  the  theo^lcal  value  _ _  ^ 

the  electroreduction  process;  for  the  ion  Ni  ,  which  reduces  irreversibly  in  water  medium,  the  electroreduction 
process  approaches  the  reversible  one  in  the  acid  concentration  range  of  10  to  50  mole  % 
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Fig.  1.  Relationship  between  the 
diffusion  current  and  the  concen¬ 
tration  of  cadmium  ions. 
CH/^OOH  concentration  (in  %) : 
1)  7;  2)  24;  3)  36;  4)  49;  5) 
63;  6)  74. 


Fig.  3.  Relationship  between  the 
diffusion' current  and  the  concen¬ 
tration  of  nickel  ions. 

CH^OOH  concentration  (in  %) : 
1)  7;  2)  17;  3)  32;  4)  42;  5) 
56;  6)  63. 


Fig.  2.  Relationship  between  the 
diffusion  current  and  the  concen¬ 
tration  of  zinc  ions. 

CH^COOH  concentration  (in  : 
1)  7;  2)  24;  3)  42;  4)  56;  5) 
63;  6)  74. 


Fig.  4.  Diagram  of  solvent  composition  vs 
diffusion-current  constant  of  cadmium  ions. 
DKj;  II)  ;  HI)  rj. 


From  Figs.  4-6  it  can  be  seen  that  the  change  in 
the  diffusion  current  constants  Kg  of  the  indicated  metal 
ions  with  increase  in  the  acid  concentration  was  accom¬ 
panied  by  the  appearance  of  distinct  inflection  points  in 
the  interval  ot  33  to  50  mole  acid.  It  is  obvious  that 

this  change  in  .  the  same  as  in  the  case  of  the  polarographing  of  metal  ions  in  the  system  HCOOH-HjO  [1],  is 
connected  with  supersolvation  of  the  ions,  which  in  turn  depends  on  the  chemical  reaction  between  the  components. 


Since  the  change  in  the  diffusion -current  constants  in  going  from  a  water  solvent  to  a  mixed  one  may  be 
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due  to  a  change  In  both  the  dimensions  of  the  solvate  shells  of  the  ions  and  the  viscosity  of  the  solvent,  we 
used  the  llkovlc-Stokes-Einsteln  equation  Kj  const  [6]  to  make  suitable  correction  for  the  viscosity.  This 

equation  is  valid  only  if  a  change  in  viscosity  is  the  only  reason  for  a  change  in  the  value  of  the  diffusion  current 
constant. 


Pig.  5.  Diagram  of  solvent  composition  vs 
diffusion-current  constant  of  zinc  ions. 
I)K5;  II)  KstjVz  ;  III)  jj. 


Fig.  6.  Diagram  of  solvent  composition 
vs  diffusion^urrent  constant  of  nickel  ions. 
I)  Kj  {  II)  K^tjVi  ;  III)  n. 


Polarographic  Characteristics  of  Cd 
rrmoles 


,++ 


++  . 

Zn  and  Ni 


in  the  System  CH3COOH-H2O 


X 

03 

0® 

s  0 
oB 

C(l++  1 

Zn+^■ 

i 

NI++ 

Km 

-f'/, 

V 

slope  coef 
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E'Sht  ! 

,  i 

<f  — IR. - 

Km 

'f'U 

V 

slope  coef 
ficient  ofi 
straight 
line^ 

Km 

liter 

9-/, 

V 

slope  coef¬ 
ficient  of 
straight  line 

'  'liter 

'  liter 

0 

2.04 

0.575 

0.0304 

2.17 

I.IK) 

0.0309 

2.24 

0.966 

0.0514 

3.4 

1.97 

0.570 

0.0288 

2.02 

0.978 

0.0290 

2.16 

0.987 

0.0514 

7.0 

1.80 

0.575 

0.0305 

1.93 

0.970 

0.0288 

2.(»5 

0.967 

0.0440 

12.0 

— 

_ 

_ 

1.84 

0.962 

0.0323 

1.85 

0.965 

0.0394 

17.0 

1.58 

0.530 

0.0327 

1.71 

0.955 

0.0328 

1.70 

0.964 

0.0494 

24.0 

1.45 

0.524 

0.0293 

1.58 

0.930 

0.026(5 

1.56 

0.940 

0.0410 

32.0 

1.32 

0.509 

0.0298 

1.45 

0.917 

0.0312 

1.48 

0.925 

0.0424 

34.0 

1.48 

0.526 

0.0302 

— 

— 

— 

— 

— 

— 

30.0 

1.61 

0.495 

0.0307 

— 

— 

— 

1.45 

0.920 

(10420 

42.0 

1..57 

0.484 

0.0282 

1 .46 

0.883 

0.0291 

1.48 

0.903 

0.0377 

49.0 

1..50 

0.492 

0.0355 

1.44 

0.870 

0.0320 

1.48 

0.895 

0.0416 

56.0 

1.42 

0.476 

0.03t)0 

1.40 

0.847 

0.0285 

1.38 

0.877 

0.0520 

63 

1 .3() 

0.4()3 

0.0270 

1.43 

0.820 

0.0321 

1.29 

0.857 

0.0556 

74 

1.23 

0.430 

— 

1.29 

0.8tt2 

0.0285 

— 

— 

— 

80 

t.09 

0.766 

0.0660 

1 

From  Figs.  4-6  it  can  be  seen  that  in  the  indicated  mixed  solvent,  Kj  q  Vs  =  const  (the  values  of  q  were 
taken  from  [2])  for  all  of  the  metal  ions  investigated.  From  this  it  follows  that  not  the  viscosity,  but  Instead  the 
change  in  the  size  of  the  solvate  shells  of  the  Ions,  i.e.  the  supersolvation  process,  is  predominantly  responsible 
for  the  change  in  the  diffusion-current  constants  of  metal  ions  In  the  system  CHsCOOH-HjO. 


1. 

studied. 


SUMMARY 

The  polarographic  characteristics  of  the  ions  Cd^^,  Zn^  and  Ni^^  in  the  system  CH/300H-Hi0  were 


2.  The  plots  of  dlffusion*current  constant  vs  solvent  composition  were  obtained.  It  was  shown  that  the 
change  in  the  diffusion-current  constants  as  a  function  of  solvent  composition  is  accompanied  by  the  appearance 
of  distinct  inflection  points  in  the  interval  of  acid  concentrations  conesponding  to  the  formation  of  hydrated 
complexes . 

3.  The  Ilkovic-Stokes-Einstein  equation  was  used  to  suitably  correct  the  diffusion-current  constant  for  the 
viscosity.  An  examination  of  the  tiVj  — solvent  composition  curves  reveals  that  the  change  in  Ks  with  in¬ 
crease  in  the  acid  concentration  is  mainly  due  to  supersolvation  of  the  ions. 
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COORDINATION  COMPOUNDS  OF  ZIRCONIUM  TETRACHLORIDE 


WITH  ESTERS  OF  MONOBASIC  ACIDS.  XV. 

Yu.  B.  Kletenik,  O.  A.  Osipov  and  E.  E.  Kravtsov 
Rostov  State  University 


In  our  previous  communication  [1],  devoted  to  complex  compounds  of  zirconium  tetrachloride  with  esters 
of  monobasic  acids.  It  was  shown  that  the  formation  of  complexes  of  the  type  ZrCl4  •  2RCOORi  is  accompanied 
by  enhanced  polar  properties.  The  zirconium  In  such  complex  compounds  possesses  the  coordination  number 
most  characteristic  for  It,  namely  six.  According  to  Sidgwick  [2],  zirconium  can  have  a  coordination  number 
of  5,  6,  7  or  8  in  its  complexes.  In  the  present  investigation  our  task  was  to  determine  if  complexes  exist  in 
which  zirconium  has  Its  minimum  coordination  number  of  five.  For  this  purpose  we  Investigated  compounds 
having  the  composition  ZrCl4  •  RCOORi,  both  preparatively  and  based  on  their  cryoscopic  and  polar  properties 
In  benzene  solution.  The  methods  used  to  determine  the  dipole  moments  and  the  molecular  weights  cryoscopic- 
ally,  and  also  the  purification  of  the  compounds  used  in  the  study,  have  been  described  by  us  earlier  [1,  3,  4]. 


RESULTS  AND  DISCUSSION 

According  to  Blumenthal  [5],  zirconium  tetrachloride  is  insoluble  in  such  nonpolar  solvents  as  benzene, 
carbon  tetrachloride,  carbon  disulfide  and  titanium  tetrachloride.  Actually,  when  zirconium  tetrachloride  was 
shaken  for  a  long  time  (more  than  100  hours)  with  benzene  we  were  unable  to  detect  even  traces  of  dissolved 
ZrCl4  in  the  latter.  When  ZrCl4  is  shaken  with  benzene  in  the  presence  of  an  equimolar  amount  of  an  ester,the 
zirconium  chloride  dissolves  completely.  With  a  smaller  amount  of  the  ester  in  benzene  the  excess  ZrCl4  re¬ 
mains  undissolved  even  after  very  long  shaking.  This  fact  serves  as  evidence  that  complex  compounds,  having 
the  composition  ZrCl4  ’  RCOORj  ,  are  formed  in  benzene  solutions  containing  equimolar  amounts  of  ZrCl4  and 
ester.  • 

As  we  will  see  below,  the  complex  ZrCl4  •  RCCXlRj  shows  coordination  unsaturation  and  for  this  reason 
can  easily  add  still  another  molecule  of  an  oxygen-,  sulfur-  or  nitrogen -containing  addendum  with  the  formation 
of  a  mixed  complex  ZrCl4  •  RCOORj  •  A,  where  A  is  the  addendum  molecule. 

The  results  of  measuring  the  dielectric  permeability  (e  )  and  the  density  (d),  and  also  the  calculated  values  of 
of  the  polarization  (Pj),  of  complexes  of  ZrCl4  with  one  mole  of  ethyl  formate,  isopropyl  formate,  ethyl  acetate, 
isopropyl  acetate  or  ethyl  butyrate,  as  a  function  of  the  mole  fraction  of  the  corresponding  complex ,  are  given  in 
Tables  1-5.  The  obtained  data  show  that  complexes  with  the  composition  ZrCl4  •  RCOORj  possess  a  substantial 
dipole  moment.  The  Increase  in  the  dipole  moment  at  the  Zr  —  O  bond  (Table  6)  is  approximately  1.8-2. 2 
debyes.  Here  it  should  be  mentioned  that  the  magnitude  of  the  dipole  moment  decreases  with  increase  in  the 
molecular  weight  of  the  ester,  which  is  in  agreement  with  earlier  studies  [1,4]  The  character  of  the  relation¬ 
ship  between  the  polarization  of  complexes  with  composition  ZrCl4  •  RCOORj  and  the  concentration  is  evidence 
that  these  complexes  have  a  great  tendency  to  associate  even  at  large  dilution. 


•Here  the  discussion  pertains  to  solutions  of  low  concentration,  where  the  uncomplexed  portion  of  the  ZrCl4  can¬ 
not  dissolve  in  the  benzene  due  to  the  presence  of  the  complex  ZrCl4  •  2RCC)ORi  in  solution. 
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TABLE  1 


Complex  ZrCl4  *HCOOCjH5  In 
P  00  =  420  cm*.  R  =  56. 65  cm*,  ^  = 
=  4. 15  D 


c  (mole 
fraction) 

‘w 

d,” 

P, 

0.0018.1 

2..329 

0.8815 

362 

2.:i40 

0.8827 

346 

0.0()'<59 

2.3.58 

0.8848 

323 

(KXK51.5 

2.382 

0.8876 

306 

O.OU(>78 

2.412 

0.8908 

305 

0.00958 

2.4H4 

0.8960 

304 

0.015.«1 

2..575 

0.9068 

299 

TABLE  2 


Complex  ZrCl4  •  HCOOCgH^  in  CgHj 
Poo  =  430  cm*,  R  =  59. 10  cm*,  p  =  4.18  D 


0  (mole 
fraction) 

*10 

d,*’ 

P, 

0.00192 

2.328 

0.8819 

340 

0.00286 

2.339 

0.88;i5 

303 

0.00382 

2.348 

0.8852 

275 

0.00480 

2.359 

0.8869 

263 

0.00622 

2.377 

0.8894 

256 

0.00876 

2.409 

0.8937 

250 

0.01470 

2.492 

0.9042 

249 

TABLE  4 

Complex  ZrCl4  •  CH3COOC3H7  in  CgHg 
Pqo  =  380  cm».  R  =  62.41  cm*.  ^  =  3.85  D 


C(mole 

fraction) 

d.“ 

P, 

0.(K>183 

2.320 

0.8816 

300 

0.00220 

2.324 

0.8823 

286 

0.00:  07 

2.332 

0.8837 

260 

0.0(/376 

2.336 

0.885U 

238 

0.00140 

2.358 

0.8895 

215 

0.00886 

2.384 

0.8936 

215 

0.01333 

2.431 

0.9012 

213 

TABLE  5 

Complex  ZrClg  C3H7CC)OC2H5  in  CgHg 
Poo  =  340  cm*.  R  =  70  19  cm*.  3.53  D 


c  (mole 
fraction) 

*10 

d,” 

Pi 

0.(0191 

2.315 

0.8820 

254 

0.00268 

2.321 

0.8834 

231 

0.(0389 

2.329 

0.8856 

209 

0.00564 

2.342 

0.8887 

197 

0.00712 

2.357 

0.8915 

199 

0.01031 

2.385 

0.8970 

197 

0.01710 

2.450 

0.9092 

195 

TABLE  3 

Complex  ZrClg  *  CH3COOC2H5  in  C^g 

P  =  384  cms.  R=  60.09  cm*.  »  =  3.89  D 
00  ^ 


c(mole 

fraction^ 

*?0 

d,*" 

Pi 

0.00186 

2.323 

0.8818 

309 

0.00246 

2.328 

0.8829 

288 

0.60311 

2.336 

0.8841 

265 

0.00411 

2.342 

0.8859 

271 

0.00507 

2.349 

0.8876 

222 

0.60661 

2.359 

0.8902 

214 

0.0(t9.1 

2.386 

0.8947 

213 

0.01540 

2.455 

0.9054 

210 

below  0.005  that  polarization  Increases, 


TABLE  6 


Complex 

|A 

M-i 

1^— |ii 

7rCl4  .  110000,115 

4.15 

1.92 

2.23 

ZrOU  •  HOOOO0H7 

4.18 

1.89 

2.28 

ZrOl,  .  0M30Od02H5 
ZrOl4  .  OH-iOOOOtH, 

3.89 

1.81 

2.08 

3.85 

1.85 

2.1X) 

Zr0l4  .  O3H7OOOG2H5 

3.53 

1.74 

1.79 

As  can  be  seen  from  the  presented  data  (Tables  1-5), 
at  concentrations  exceeding  0.005  mole  fraction  of  com¬ 
plex  in  benzene, the  curves  expressing  the  polarization 
as  a  function  of  the  concentration  [Pj  =  f  (C)]  pass  near¬ 
ly  parallel  to  the  abscissa,  and  it  is  only  at  concentrations 


indicating  decomposition  of  the  associated  molecules. 


To  confirm  the  above  we  determined  the  molecular  weight  of  the  complexes  in  benzene  cryoscoplcally. 
These  results  are  given  in  Tables  7-11. 


14 


TABLE  7 

Molecular  Vfelght  of  Complex  ZrCl^ 
hccxx:2H5 


C(mole 
fraction ) 

^detd. 

^  *'detd. 
^theoret. 

O.OM.'i 

0.454 

650 

2;i2 

0.0119 

0.374 

646 

2.11 

0.00929 

0.294 

638 

2.08 

0.100.53 

0.207 

6.35 

2.07 

0.(K)435 

0.140 

624 

2.03 

0.00231 

0.081 

573 

1.87 

TABLE  10 

Molecular  Weight  of  Complex  ZrCl4 
•  CHiCOOCjH, 


c  (mole 
fractions) 

A  r 

"detd. 

^_^etd. 

^theoret. 

0.0149 

0.499 

663 

1.98 

00120 

0.397 

670 

2.00 

0.0J9I8 

0..304 

666 

1.99 

O.O068I 

0.223 

673 

2.01 

0.00142 

0.147 

660 

1.97 

0.00281 

0.097 

634 

1.89 

TABLE  8 


Molecular  Weight  of  Complex  ZrCl^  • 
•  HCOOCjHt 


C(mole 

M,  . 
detd. 

^Metd. 

fraction) 

4 

“  “  A'theoret. 

0.01.36 

0.433 

6)68 

2.08 

0.0109 

0.348 

665 

2.07 

0.(X)870 

0.279 

658 

2.05 

0.00685 

0.220 

658 

2.05 

0.004().3 

0.151 

1)46 

2.01 

0.00267 

0.095 

590 

1.84 

TABLE  9 


Molecular  Weight  of  Complex  ZrCl^  • 
•CH3COOC2H5. 


c  (mole 
fractions] 

4  (0 

*^detd. 

^_^detd. 

^theoret. 

0.01.59 

0.519 

65.3 

2.03 

0.0123 

0..398 

655 

2.04 

0.(Ki901 

0.289 

659 

2.05 

0.00661 

0216 

646 

2.01 

0.00402 

0.1.33 

635 

1.98 

0.00265 

0.092 

606 

1.83 

complex  ZrCl4 
saturation. 


TABLE  11 

Molecular  Weight  of  Complex  ZrCl4  ' 
•  C5H/:00C2H5 


c  (mole 
fractions] 

4  to 

"detd. 

,=:!Metd. 

^  theoret. 

0.0145 

0.454 

650 

2.12 

0.01 19 

0.374 

646 

2.11 

0.00929 

0.294 

638 

2.08 

0.006.5.3 

0.207 

635 

2.07 

0.00!  35 

0.140 

624 

2.03 

0.00231 

0.081 

573 

1.87 

The  freezing  point  of  each  solution  was  taken  as 
the  average  of  three  determinations  (the  differences  did 
not  exceed  0.007).  For  convenience  in  comparing  the 
cryoscoplc  data  with  the  polarization  results  for  the  same 
complexes  .the  concentrations  in  all  cases  are  expressed  in 
mole  fractions. 

The  results  given  above  for  a  determination  of  the 
molecular  weight  clearly  indicate  that  the  investigated 
complexes  show  a  great  tendency  to  associate  even  at 
very  high  dilution.  The  complex  ZrCl4  RCOORj  is 
found  as  the  dimer  in  dilute  benzene  solutions,  l.e. 
equilibrium  in  the  reaction 


2ZrCl4  .  HCOOH,  (ZrCl4  •  RCOOn,!;, 

is  almost  completely  shifted  to  the  right.  It  must  be 
assumed  that  this  great  tendency  to  dimerize  at  high 
dilution  is  not  due  to  a  simple  dipole  interaction  of  the 
RCOORj  molecules,  possessing  substantial  polarity,  but  instead  is  due  to  their  coordination  un- 
Such  a  dimer  should  have  a  clawlike  structure,  in  which  zirconium  has  a  coordination  number  of  six. 

GI4 

/Zr\ 

O  O— R, 

I]  I 

H_0  C-R 

I  /Zr.  II 

Ri— 0^014^0 
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The  dimer  molecule  cannot  have  a  planar  structiore,  since  in  such  case  its  dipole  moment  would  be 
equal  to  zero,  which  is  contradictory  to  the  experimental  data. 

To  obtain  the  above  complex  compounds  we  isolated  them  from  saturated  benzene  solutions  (with  the  ex¬ 
ception  of  the  complex  ZrCl4  •  HCOOCjHj).  The  complexes  were  obtained  as  follows;  an  accurately  weighed 
amount  of  zirconium  tetrachloride  and  a  small  amount  of  benzene  (2-3  ml  per  gram  of  zirconium  tetrachloride) 
were  placed  in  a  glass  ampul,  and  then  the  proper  ester  was  added  in  an  amount  strictly  equivalent  to  the  taken 
ZrCl4.  The  ampuls  were  sealed  and  fastened  to  a  revolting  disk.  Crystals  of  the  complex  began  to  deposit 
from  solution  as  the  ZrCl4  went  into  solution.  The  ampuls  had  to  be  shaken  for  about  50-60  hours  to  obtain 
complete  reaction,  after  which  the  ampul  contents  were  transferred  to  a  glass  filter.  The  filtration  was  done 
In  a  special  container,  through  which  a  stream  of  well -dried  air  was  passed  during  the  whole  experiment.  In 
addition,  the  filter  funnel  was  connected  to  a  drier,  through  which  previously  dried  air  was  also  passed  until  the 
crystals  of  the  complex  were  completely  dry.  The  thus-obtained  complexes  ZrCl4  •  CHjCOOCjHs,  ZrCl4 
•  CH/DOOCsHy  and  ZrCl4  '  C5H7CCXX:2H5  were  analyzed,  the  results  of  which  are  given  in  Table  12.  The 
melting  points  of  the  obtained  complexes,  and  also  those  of  the  complexes  formed  from  titanium  tetrachloride 
and  the  corresponding  esters  f  6],  are  also  given  in  Table  12.  As  can  be  seen  ,  the  melting  points  of  the  titanium 
complexes  are  considerably  below  those  of  the  analogous  zirconium  complexes.  We  will  mention  that  the 
isolated  ZrCl4  complexes  were  obtained  as  fine, colorless,  needle  crystals,  readily  hydrolyzing  in  moist  air.  We 
took  carbon  tetrachloride  as  the  solvent  to  obtain  the  complex  ZrCl4  •  HCOOC2H5,  since  this  complex,  when 
isolated  from  benzene  solutions,  had  quite  a  different  appearance  from  the  other  zirconium  complexes.  Here 
the  crystals  were  coarse  and  on  long  drying  they  were  converted  to  a  powder.  Analysis  of  the  thus-obtained  com¬ 
pound  for  chlorine  and  zirconium  revealed  that  both  of  these  elements  were  present  in  considerably  smaller 
amount  than  that  required  for  the  complex  with  composition  ZrCl4*  HCCXX!;2H5,  and  Instead  the  compound 
corresponds  to  the  complex  ZrCl4  •  HCOOC2^^5  ^6^6-  When  the  latter  complex  was  dissolved  In  water  we 


TABLE  12 


Complex 

1 

Chlorine 

Zirconium 

1 

Melting 

point 

1 

Melting  point 
of  the  corre¬ 
sponding  TICI4 
complex 

1 

found 

calcu¬ 

lated 

found 

1  calcu- 
1  latea 

ZlCJ4 

.  CII.,C(J()C.,11., 

0.2.S(i 

0.2S4 

170'’ 

lo2'’ 

ZrCl4 

.  GII.,C()1)C3H7 

uA'l'A 

((.424 

0.270 

0.272 

120 

78 

ZrGl4 

0.407 

0.202 

0.201 

lO.'l 

10:1 

ZrGl4 

.  HCOKG.IIi 

(t.'iSf) 

0.40:1 

0.2!)!V 

0.207 

04 

.50 

obtained  a  completely  clear  water  solution,  containing  the  ester  and  the  ZrCl4  hydrolysis  products,  and  also  a 
small  amount  of  an  upper  layer,  having  a  benzene  odor.  Investigation  of  this  upper  layer  revealed  that  it  was 
mainly  benzene,  present  in  amount  equivalent  to  the  complex  with  composition  ZrCl4  HCOOC2H5  •  CgHg,  which 
melts  without  decomposition  at  54*.  To  determine  the  strength  of  the  bond  between  benzene  and  zirconium 
tetrachloride  in  this  complex  ,we  heated  the  complex  to  90’  in  a  special  vessel  in  a  steady  stream  of  dry  air. 

Here  the  loss  in  the  weight  of  the  complex  was  checked  at  periodic  Intervals  by  accurate  weighing.  It  proved 
that  after  120  minutes  (at  90’)  the  weight  of  the  complex  corresponded  to  the  composition  ZrCl4  •  HCOOC2H5, 
l.e.  the  benzene  had  completely  volatilized.  This  was  also  confirmed  by  analyzing  for  zirconium  and  chlorine. 
A  similar  complex,  containing  toluene  instead  of  benzene,  was  obtained  by  the  long  shaking  of  ZrCl4  with 
toluene,  the  latter  containing  ethyl  formate  in  an  amount  equivalent  to  the  zirconium  tetrachloride  taken.  The 
analysis  results  for  chlorine,  zirconium  and  toluene  corresponded  to  the  compound  with  composition  ZrCl4  • 

•  HC0(X2H5  •  C7Hg,  having  m.p.  50*. 

Data  indicating  that  the  tetrahalides  of  Group  IV  elements  react  with  aromatic  hydrocarbons  exist  in  the 
literature  [7,  8].  The  fact  that  aromatic  hydrocarbons  possess  tt -electrons  Is  the  reason  for  the  formation  of 
such  addition  products.  That  this  postulation  is  true  is  supported  by  the  absence  of  reaction  between  cyclic 
paraffins  and  the  halides  of  Group  IV  elements.  However,  we  will  mention  that  we  were  unable  to  find  similar 
Information  for  the  zirconium  halides  Intfie  literature  available  to  us.  Despite  this,  complexes  of  the  type 


Z1CI4  •  HCOOCjHj  *  CjHj  could  be  of  considerable  Interest  In  studying  the  catalytic  effect  of  ZrCl4  in  organic 
synthesis.  It  is  quite  probable  that  ZrCl4  gives  similar  mixed  complexes  also  with  other  esters  of  monobasic 
acids,  but  in  them  the  benzene  is  linked  very  weakly  and  Is  rapidly  cleaved  at  ordinary  temperatures.  Thus, we 
observed  that  when  ZrCl4  was  shaken  with  an  equivalent  amount  of  propyl  acetate  In  benzene  at  a  temperature 
below  +15*,  It  was  not  fine  needle  crystals,  characteristic  for  complexes  with  the  composition  ZrCl4'  RCOORj, 
that  were  formed,  but  instead  they  were  quite  coarse  crystals,  resembling  the  crystals  of  the  complex  ZrCl4  • 

*  HCOOCjHs  '  CjHg  .  However,  these  coarse  crystals  decomposed  at  20-25*,  changing  to  fine  needle  crystals. 
Based  on  preliminary  results,  zirconium  bromide  also  forms  a  complex  in  which  benzene  Is  present.  These  in¬ 
vestigations  are  being  continued  by  us. 


SUMMARY 

1.  We  Isolated  and  analyzed  the  complexes  ZrCl4  •  HCOOCjHs,  ZrCl4-  HCCXXI^jHy,  ZrCl4  ’  CH^OOCjHs, 
ZrCl4'  CHjCOCXIjHy  and  ZrCl4  *  CjHtCOOCjHj  ,  and  determined  their  dipole  moments  in  benzene.  It  was 
shown  that  the  dipole  moment  of  the  complex  decreases  with  Increase  in  the  molecular  weight  of  the  ester  com¬ 
ponent. 

2.  The  cryoscoplc  method  was  used  to  determine  the  molecular  weights  of  the  above  complexes.  It  was 
shown  that  all  of  these  complexes  display  a  great  tendency  to  associate.  Some  reasons  for  this  association  were 
postulated. 

The  ternary  complexes 

ZrCl4  •  HCCWCjHj-  CjHj  and  ZrCl4  HCOOCjHj  •  CgHgCH, 
were  Isolated  and  analyzed,  and  their  melting  points  were  determined. 
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THE  REDUCTION  OF  FURFURAL  AT  A  D  ROP  P I NG- MERC  UR  Y  ELECTRODE 


Ya.  t.  fkster 
Odessa  Agricultural  Institute 


The  great  importance  of  furfural  in  Industry  creates  the  need  for  more  accurate  methods  of  its  quantitative 
determination,  among  which  the  polarographic  method  is  finding  constantly  broader  use.  In  this  connection, a 
study  of  the  polarographic  reduction  of  furfural  seems  of  interest,  all  the  more  so  since  contradictory  data  exist 
on  the  matter. 

I.  A.  Korshunov  and  S.  A.  Ermolaeva  [1]  Investigated  the  reduction  of  furfural  at  a  dropping -mercury  elec¬ 
trode  In  buffer  solutions  ranging  In  pH  from  4. 0  to  7, 25.  The  buffer  mixtures  used  by  them  were  composed  of 
acetic  acid  and  sodium  acetate,  and  also  of  citric  acid  and  dibasic  sodium  phosphate.  These  buffer  mixtures 
had  concentration  of  about  0.1  N.  One  wave  was  observed  at  pH  4,  and  the  half-wave  potential  was  equal  to 
1.24  V  (with  reference  to  the  saturated  calomel  electrode).  Two  waves  were  observed  in  the  pH  range  from  5.5 
to  6.5,  in  which  connection  the  height  of  the  first  wave  decreased,  and  that  of  the  second  wave  increased,  as  the 
pH  Increased.  With  increase  In  the  pH  the  potential  of  the  first  half-wave  shifts  to  the  negative  side,  while 
that  of  the  second  half-wave  shifts  to  the  positive  side.  Only  one  wave  was  observed  at  pH  7.25,  and  here  the 
half-wave  potential  (ir)  was  equal  to  -1.7  v. 

Day  [2]  considers  Korshunov’s  results  as  being  questionable  both  on  the  score  of  the  two-step  reduction  of 
furfural  and  the  values  of  the  half-wave  potential,  pointing  out  that  Tachi,  who  polarographed  a  0.0001  M 
furfural  solution  in  buffer  mixtures  with  different  pH  values,  observed  only  one  wave,  in  which  connection  the 
half-wave  potentials  were  more  positive  than  those  given  In  Korshunov’s  studies. 

We  were  unable  to  obtain  the  original  paper  by  Tachi,  published  in  a  Japanese  journal.  However,  the 
data  of  Tachi  are  given  in  the  monograph  by  I.  M.  Kolthoff  and  J.  J.  Lingane  [3],  according  to  which  the  half¬ 
wave  potential  of  furfural  shifts  to  the  negative  side  as  the  pH  rises  from  1.1  to  11.0,  going  from  0.93  to  -1.47  v. 
The  half-wave  potential  (-1.47  v)  reached  at  pH  11.0  does  not  change  with  further  increase  in  the  pH. 

The  value  of  the  furfural  diffusion  current  depends  on  the  pH.  The  diffusion  current  reaches  Its  highest 
value  at  pH  8.0. 

Day  polarographed  a  0.001  M  furfural  solution  In  25%  alcohol  in  buffer  mixtures  ranging  In  pH  from  1.0 
to  13.0  and  obtained  the  following  results.  Two  waves  with  nearly  the  same  height  were  obtained  only  at  pH 
5.0.  At  pH  values  below  4.0  the  height  of  the  wave  was  hardly  one  half  that  of  the  wave  at  pH  6. 0-7. 0.  The 
values  of  the  half-wave  potentials  did  not  differ  from  those  given  in  Tachl’s  studies.  Day  believes  the  reason 
for  the  unusual  behavior  shown  by  furfural  in  Korshunov’s  studies  Is  an  insufficient  buffering  of  the  solutions. 

We  think  that  the  different,  and  In  some  cases  even  contradictory,  results  obtained  by  Tachi,  Korshunov, 
and  Day  are  due  to  the  polarographing  of  furfural  under  different  conditions.  Korshunov,  using  various  buffer 
mixtures,  does  not  differentiate  the  polarographic  waves  and  half-wave  potentials  obtained  by  him  as  a  function 
of  the  composition  of  the  buffer  mixtiues  used.  Korshunov  in  his  paper  does  not  give  the  furfural  and  alcohol 
concentrations  at  which  the  polarographing  was  run,  whereas  this  Is  important  in  determining  the  values  of  the 
diffusion  current  and  the  half-wave  potential.  Kolthoff  and  Lingane  do  not  state  the  nature  of  either  the  buffer 
mixtures  or  the  solution  used  by  Tachi  in  his  polarographing  of  furfural.  Day  in  his  paper  also  does  not  indicate 
the  nature  of  the  buffer  mixtures  or  the  concentration  of  the  alcohol  used  by  him  in  the  polarographing  of  furfural. 


In  the  present  paper  we  set  ourselves  the  task  of  studying  the  gradation  of  the  reduction,  the  value  of  the 
diffusion  current  and  the  value  of  the  half-wave  potential  of  furfural  as  functions  of  whether  a  water  or  a  water- 
alcohol  medium  is  used,  the  composition  of  the  buffer  mixture,  and  the  pH. 


EXPERIMENTAL 

Alcohol-Water  Solutions 

Furfural,  b.p.  161-16!?,  was  polarographed  in  both  water  and  water-alcohol  solutions.  The  ethyl  alcohol 
concentration  in  the  water-alcohol  solutions  used  was  30,  40  and  60<7[» 

For  the  polarographlng  we  used  an  automatic  polarograph  of  the  SGM-8  type;  the  galvanometer  sensi¬ 
tivity  was  3.3  'ID  "*  amp/mm.  The  time  of  mercury  dropping  was  2,3-2.35  sec.  The  removal  of  oxygen  from 
the  solutions  was  effected  by  adding  several  drops  of  saturated  sodium  sulfite  solution.  We  used  0. 1  N  ammonium 
chloride  as  the  support.  The  volume  ratio  of  studied  solution  to  support  was  1:1,  I.e.  the  concentrations  of 
furfural,  alcohol  and  support  in  the  electrolyzer  were  cut  in  half.  The  obtained  results  are  given  in  Table  1. 

TABLE  1 

Values  of  Diffusion  Current  (1)  and  Half-Wave  Potential  (n )  of  Fur¬ 
fural 

(t  =  2.3  sec;  C  =  50  mg/ liter;  s  =  1/15) 


Solvent 

1  (in  mm  on  the 
galvanometer  scale) 

TT  relative  to  the 
saturated  calomel 
electrode 

Water . 

34.8 

-1.4 

15  %  alcohol .  .  .  . 

24.8 

-1.5 

20%  alcohol  .... 

22.6 

-1.6 

30%  alcohol  .... 

18.8 

-1.7 

From  the  data  in  Table  1  it  can  be  seen  that  the  value  of  the  diffusion  current  of  furfural  is  smaller  in  water- 
alcohol  solutions  than  in  water  solution.  The  value  of  the  diffusion  current  decreases  with  increase  in  the  al¬ 
cohol  concentration.  This  is  explained  by  a  decrease  in  the  diffusion  coefficient  (D)  due  to  an  Increase  in  the 
viscosity  of  the  solution  when  the  alcohol  concentration  is  increased.  (The  other  terms,  found  in  the  Ilkovlc 
J_  “  JL 

equation  l^j  =  ()05nD  ^  Cm  ^  1  ,  and  specifically:  n  —  the  number  of  electrons  participating  in  the  reduction 

reaction  ,  C  —  the  furfural  concentration,  and  also  the  product  m  ■*  / do  not  change  with  change  in  the 
solvent  composition) 

In  going  from  water  to  a  water-alcohol  solvent, the  half-wave  potential  shifts  to  the  negative  side.  The 
values  of  this  potential  become  more  negative  the  higher  the  alcohol  concentration.  It  must  be  assumed  that  the 
reason  for  the  half-wave  potential  of  furfural  changing  in  a  water-alcohol  medium  when  compared  with  pure 
water  is  due  to  a  change  in  the  dielectric  constant  of  the  solvent. 

Consequently,  the  alcohol  concentration  affects  the  value  of  both  the  diffusion  current  and  the  half-wave 
potential  of  furfural.  This  was  not  taken  into  consideration  in  the  above-mentioned  studies,  which  Is  one  of  the 
reasons  for  the  contradictory  results. 

Buffer  Mixtures 

A  water  solution  of  furfural  (C  =  50  mg/ liter)  was  polarographed.  As  the  support  we  used  0. 1  N  buffer 
mixtures  with  a  variable  pH.  To  remove  oxygen  we  passed  hydrogen  through  the  Investigated  solution  for  30 
minutes  prior  to  polarographlng. 
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As  buffer  mixtures  we  used:  a)  acetate  buffer  solutions  with  pH  ranging  from  3.6  to  5.3,  b)  citric  acid- 
phosphate  buffer  solutions  with  pH  ranging  from  3.6  to  7.4,  and  c)  phosphate  buffer  solutions  with  pH  ranging 
from  3.6  to  5.3,  b)  citric  acid -phosphate  buffer  solutions  with  pH  ranging  from  3.6  to  7.4,  and  c)  phosphate 
buffer  solutions  with  pH  ranging  from  6  to  7.4. 

The  results  are  given  in  Table  2. 


TABLE  2 

Values  of  Diffusion  Current  (1)  and  Half-Wave  Potential  (tt  )  as  Functions  of  the  Buffer 
Mixture  Composition  and  the  pH;  C  =  50  mg/liter,  s=  1/30,  t  =  3  sec 


pH  of 
the 
me¬ 
dium 

Buffer  mixtures 

Na,Ill’0,-|-Cr,H,O, 

ClljCOOM+CI^COONa 

N.n,lll'0,+Nall,t'0, 

•1 

(mm) 

«i  (V) 

(mm) 

(V) 

(mm) 

(V) 

tj 

(mm) 

^.(V) 

ii 

(mm) 

’'I  (V) 

ij 

(mm) 

(V) 

22 

1.19 

24 

1.21 

i.:\ 

21 

1.25 

21 

1.4 

21 

1.24 

23 

1.46 

— 

_ 

— 

_ . 

4.6 

22 

1.24 

20 

1.4 

20 

1.25 

25 

1.42 

— 

— 

— 

t9 

1.24 

20 

1.40 

20 

1.33 

22 

1.47 

— 

_ 

— 

_ 

.5.3 

19 

1.31 

21 

1..55 

22 

1.4 

22 

1.55 

— 

_ 

— 

_ 

6.0 

— 

— 

41 

1.40 

— 

— 

— 

— 

— 

_ 

41 

1.4 

<1.8 

.50 

1.45 

— 

— 

— 

— 

— 

— 

51 

1.5 

7.4 

52 

1.5 

54 

1.6 

From  the  data  in  Table  2  it  can  be  seen  that  two  waves  are  observed  at  pH  4.3,  4.6,  5.0  and  5.3  in  both 
the  citric  acid -phosphate  and  the  acetate  buffers.  Only  one  wave  is  obtained  at  all  of  the  other  pH  values. 

Consequently,  the  two-step  reduction  of  furfural  observed  in  the  studies  of  Korshunov  and  Ermolaeva  is 
confirmed,  to  be  sure,  not  in  the  pH  interval  5.5-6. 5,  but  instead  in  the  pH  interval  4. 3-5.3.  The  height  of  the 
wave  at  pH  3. 6  is  nearly  one  half  that  of  the  wave  at  pH  6,  which  is  in  agreement  with  Day's  observations.  In 
the  pH  range  4.3-5.3,the  sum  of  the  heights  of  the  two  waves  in  the  acetate  buffer  varies  between  42-45  mm  and 
is  somewhat  greater  than  the  sum  of  the  heights  of  these  waves  in  citric  acid -phosphate  buffer  (39-42  mm).  A 
noticeable  increase  in  the  diffusion  current  is  observed  at  pH  6, 8 -7. 4.  In  phosphate  buffer  mixture  the  height 
of  the  wave  is  equal  to  51-54  mm  and  differs  but  slightly  from  the  same  wave  in  citric  acid -phosphate  buffer 
(50-52  mm),  which,  as  can  be  seen,  is  due  to  the  component  Na2  HPO4  being  common  to  both  of  the  Indicated 
buffer  solutions.  The  potential  of  the  first  half-wave  of  furfural  tends  to  shift  to  the  negative  side  as  the  pH 
Increases.  The  half-wave  potentials  in  the  acetate  and  phosphate  buffers  are  more  negative  than  in  the  citric 
acid -phosphate  buffer. 

Consequently,  not  only  the  pH,  but  also  the  composition  of  the  buffer  mixture  affects  the  values  of  both  the 
diffusion  current  and  the  half-wave  potential,  which  Day  does  not  take  into  consideration  when  comparing 
Korshunov’s  results  with  those  obtained  by  Tachi. 


SUMMARY 

It  was  shown  that  the  reduction  of  furfural  at  a  mercury-dropping  cathode  is  two  step  in  a  certain  pH 

range. 

Both  the  pH  and  the  composition  of  the  buffer  mixture  affect  the  values  of  the  diffusion  current  and  the 
half-wave  potential  of  furfural. 

In  this  connection  only  one  distinct  polarographlc  wave  is  obtained  in  all  cases  at  pH  >  7,  making  it 
possible  to  measure  the  value  of  the  diffusion  current  and  to  conveniently  run  the  polarographlc  quantitative 
determination  of  furfural  in  alkaline  medium,  all  the  more  so  since  sodium  sulfite  can  be  used  to  remove 
oxygen  from  such  a  medium. 
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The  value  of  the  diffusion  current  of  furfural  Is  smaller,  and  the  value  of  the  half-wave  potential  is  more 
negative,  in  a  water-alcohol  medium  than  in  water  solutions.  The  wave  height  decreases  as  the  alcohol  con¬ 
centration  is  Increased,  while  the  absolute  value  of  the  half-wave  potential  increases. 
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THE  REACTION  OF  MOLYBDATE  AND  VANADATE  WITH  PHENOLS 
IN  WATER  SOLUTIONS  AND  IN  CONCENTRATED  SULFURIC  ACID 

S.  Ya.  Shnaidernian  and  G.  I.  Khrustalev 
Kiev  Polytechnic  Institute 


Vanadium  and  molybdenum  form  colored  compounds  with  certain  phenols  In  water  solutions  and  In  con¬ 
centrated  sulfuric  acid.  Different  phenols  are  used  as  reagents  In  the  colorimetric  determinations  of  vanadate 
and  molybdate  [1,2]. 

With  the  exception  of  Levy’s  studies  [3],  where  the  colors  of  the  solutions  In  concentrated  sulfuric  acid  are 
described,  we  failed  to  find  any  papers  In  the  literature  devoted  to  a  discussion  of  the  problems  associated  with 
the  reaction  of  vanadium  (5+)  and  molybdenum  (&+)  with  hydroxy  compounds.  Consequently  It  seemed  of  Interest 
to  us  to  investigate  some  of  the  problems  pertaining  to  the  Indicated  reactions. 

REACTION  IN  WATER  SOLUTIONS 
Color  of  a  Solution  and  Its  Dependence  on  the  pH. 

We  studied  the  reaction  of  vanadium  and  molybdenum  salts  with  a  number  of  aromatic  hydroxy  compounds: 
phenol,  pyrocatechol,  resorcinol,  hydroquinone,  pyrogallol,  phloroglucinol,  a-  and  6  -naphthols,  thymol  and 
gallic  acid.  The  purity  of  the  organic  reagents  was  checked  by  their  melting  points.  The  solutions  of  ammonium 
vanadate  and  molybdate  were  prepared  from  c.p.  reagents,  recrystallized  from  ammonia.  For  the  experiments 
we  mixed  1  ml  of  a  0.001  M  solution  of  ammonium  vanadate  or  ammonium  molybdate  with  1  ml  of  a  0.1  M 
solution  of  the  phenol  In  the  presence  of  8  ml  of  a  buffer  solution,  the  pH  of  the  latter  ranging  from  1  to  10 
(mixtures  of  HCl  +  KCl  were  used  for  the  1-2  pH  range,  and  acetate-ammonia  mixtures  for  the  3-10  pH  range). 
The  different  solutions  were  mixed,  and  after  10  minutes  their  color  was  observed  visually,  while  the  optical 
density  value  was  measured  using  a  FEK-M  photocolorimeter  in  cuvettes  with  a  layer  thickness  of  10  mm,  and 
using  a  blue  filter  transmitting  light  in  the  400-500  mp  region.  To  check  the  acidity  of  the  solutions  after 
reaction  we  used  a  pH -meter  of  the  LP-5  type  with  a  glass  electrode.  It  was  observed  that  only  pyrocatechol, 
pyrogallol  and  gallic  acid,  I.e.  only  those  phenols  having  either  two  OH  groups  or  an  OH  and  a  COOH  ortho  to 
each  other,  form  highly  colored  solutions  with  salts  of  vanadium  (5  )  and  molybdenum  (6  ).  The  other  hydroxy 
compounds  investigated  (phenol,  resorcinol,  hydroquinone,  phloroglucinol,  a  -  and  0 -naphthols,  thymol )falled 
to  give  colored  reaction  products.  The  experimental  data  are  given  in  Table  1  and  plotted  in  Figs.  1  and  2. 

An  examination  of  the  data  given  in  Table  1  and  plotted  in  Fig.  1  reveals  that  pyrocatechol  pyrogallol 
and  gallic  acid  form  colored  compounds  with  molybdenum  that  are  very  similar,  both  as  regards  their  color  and 
the  Intensity  of  the  color.  The  color  becomes  noticeable  even  at  pH  1,  and  reaches  its  optimum  value  at  pH  6-9. 

A  similarity  in  color  Is  not  observed  for  the  compounds  of  vanadate  with  phenols  (Table  1,  Fig.  2),  while 
the  relationship  between  the  optical  density  and  the  pH  Is  different  than  for  the  molybdate  compounds.  Thus, 
when  vanadate  solutions  are  reacted  with  pyrocatechol  or  gallic  acid  a  sharp  increase  In  the  optical  density  Is 
observed  In  the  2-6  pH  range;  with  further  Increase  In  the  pH  the  optical  density  diminishes,  assuming  for  the 
compound  of  vanadate  with  gallic  acid  a  constant  value  at  pH  8-10.  When  the  vanadate  Is  reacted  with  pyro¬ 
gallol  the  optical  density  of  the  colored  solution  rises  sharply  In  the  2-4  pH  range,  remaining  constant  at  pH  4-8.5; 
the  optical  density  diminishes  with  further  Increase  in  the  pH. 
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Reaction  of  vanadate  and  molybdate  with  phenols.  From  the  literature  It  Is  known  that  In  many  ca.ses  the 
reactions  of  metals  with  phenols  yield  compounds  in  which  one  or  several  of  the  hydrogen  atoms  In  the  phenol 
Is  replaced  by  the  metal  Ion  [1,  4-6].  An  increase  In  the  H-lon  concentration  Is  observed  in  such  case.  If  the 
reaction  goes  without  the  liberation  of  hydrogen  Ions,  then  addition  products  of  the  phenol  with  the  complexing 
Ion  are  formed. 


To  determine  the  character  of  the  reactions  taking  place  when  pyrocatechol,  pyrogallol  and  gallic  acid 
are  reacted  with  molybdate  and  vanadate  ions,  we  performed  the  following  experiments;  10  ml  of  a  O.IM  solu¬ 
tion  of  the  salt  was  mixed  with  10  ml  of  a  0.5  M  solution  of  the  phenol,  and  after  5  minutes  the  pH  of  the  mix¬ 
ture  was  measured  potentiometrlcally,  using  an  LP-5  bulb  potentiometer  with  glass  electrode.  The  pH’s  of  the 
phenol  and  salt  solutions  were  measured  In  advance.  The  concentration  of  the  reactants  In  the  reaction  mixture 
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Fig.  1.  Relationship  between  the  optical  density 
of  solutions  containing  ammonium  molybdate 
and  a  phenol,  and  the  pH. 

1)  gallic  acid,  2)  pyrogallol,  3) pyrocatechol 


Fig.  2.  Relationship  between  the  optical 
density  of  solutions,  containing  ammonium 
vanadate  and  a  phenol,  and  the  pH. 

1)  gallic  acid,  2)  pyrogallol,  3)  pyrocatechol. 


Is  cut  in  half  when  the  phenol  and  salt  solutions  are 
mixed.  By  itself, this  dilution  has  very  little  effect  on  the 
acidity  of  the  reactant  solution.  Thus,  when  O.IM  solu¬ 
tions  of  ammonium  molybdate  and  ammonium  vanadate 
are  diluted  in  half.the  pH  drops  by  0.15-0.20,  while 
when  the  phenols  are  diluted  in  halt  the  pH  of  the  solu¬ 
tions  increases  by  0. 30.  The  results  of  measuring  the  pH 
of  the  solutions  before  and  after  mixing  are  given  in 
Table  2. 

From  the  data  in  Table  2  it  follows  that  the  acidity 
of  the  solutions  rose  substantially  when  the  molybdate 
was  reacted  with  phenols  (the  only  exception  to  this  was 
the  mixture  of  molybdate  with  gallic  acid,  where  the 
acidity  increased  very  slightly).  When  compared  with 
the  original  pH  values  of  the  phenols,  the  acidity  of  the 
solutions  does  not  increase  when  the  vanadate  is  reacted 
with  phenols. 

Since  both  ammonium  molybdate  and  ammonium 
vanadate  had  pH  values  considerably  above  those  of  the 
phenols,  then  it  was  possible  for  reaction  to  occur  even 
with  an  increase  in  the  H-ion  concentration,  which  re¬ 
mained  unobserved  because  the  acidity  of  the  mixtures 
was  always  somewhat  less  than  the  acidity  of  the  phenol 
solutions.  For  this  reason  we  ran  some  additional  ex¬ 
periments  by  a  different  method:  the  acidity  of  the  salt 
solutions  was  brought  to  the  acidity  of  the  phenol  solutions 
with  hydrochloric  acid,  after  which  the  solutions  were 
mixed,  and  the  pH  measured  after  5  minutes.  The  data 
of  these  experiments  are  given  in  Table  3. 


Consequently,  molybdenum  salts  with  pyrocatechol, 

pyrogallol  and  gallic  acid  form  inner  complexes,  in  which  the  metal  ions  displace  the  hydrogen  ions  from  the 
phenols;  the  vanadate  apparently  forms  addition  products  with  the  indicated  phenols. 


Reaction  of  vanadate  and  molybdate  with  phenols  in  concentrated  sulfuric  acid.  Levy  [3],  who  studied  the 
reaction  of  some  organic  reagents  with  titanic,  tantalic,  stannic,  vanadic,  molybdlc,  arsenous  and  arsenic  acids, 
states  that  many  phenols  give  bright  colors  with  the  indicated  acids  in  concentrated  sulfuric  acid.  Since  Levy 
was  very  vague  in  describing  the  experimental  conditions  used  by  him  (several  crystals  of  the  investigated  sub¬ 
stance  were  taken  for  experiment),  we  studied  the  reaction  of  ammonium  vanadate  and  ammonium  molybdate 
with  the  above  phenols  in  the  following  manner:  0.5  ml  of  a  0.01  M  solutions  of  ammonium  vanadate  or  am¬ 
monium  molybdate  was  mixed  with  0.5  ml  of  an  equimolar  solution  of  the  phenol,  after  which  the  mixture  was 
made  up  to  15  ml,  using  concentrated  sulfuric  acid  in  one  case,  and  concentrated  hydrochloric  acid  in  the  other. 
The  colors  that  were  obtained  in  this  manner  are  given  in  Table  4. 
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TABLE  1 


Color  of  Solutions  as  a  Function  of  the  pH 


Ammonium  vanadate 

Ammonium  mo  1  y  b  d  a  t  e 

pH 

pyrocatechol 

pyrogallol 

gallic  acid 

pyrocatechol 

pyrogallol 

gallic  acid 

0.9 

Light  pink 

Orange 

Light  yellow 

Pale  yellow 

Pale  yellow 

Yellow 

2.4 

Likewise 

Likewise 

Yellow 

Yellow 

Yellow- 

orange 

Orange 

3.1 

m 

Brown  -orange 

Pale  green 

Likewise 

Likewise 

Likewise 

4.9 

Yellow 

Green 

Yellow -green 

Orange 

m 

» 

5.6 

6.3 

Likewise 

Yellow- 

Likewise 

Likewise 

Red 

Orange 

« 

brown 

Brown-green 

m 

Likewise 

Likewise 

• 

8.3 

Likewise 

Orange -brown 

m 

w 

• 

9.2 

m 

Likewise 

m 

m 

m 

• 

10.3 

m 

\ 

Green 

m 

Brown - 
orange 

Brown 

TABLE  2 

pH  of  Pure  Solutions 


0.5  M  Solutions  of 
phenols 

pH 

0. 1  M  Solutions 
of  salts 

pH 

Pyrocatechol  . 

3.92 

Ammonium  molybdate 

5.48 

Pyrogallol  . 

3.98 

Ammonium  vanadate 

7.75 

Gallic  acid  . 

2. 70 

pH  of  Mixtures 


"  Salts 

Phenol 

0. 1  M  Ammonium 
molybdate,  10  ml 

0. 1  M  Ammonium 
vanadate,  10  ml 

0.5  M  Pyrocatechol,  10  ml 

2.82 

4. 60 

0.5  M  Pyrogallol,  10  ml 

3.04 

4.65 

0.5  M  Gallic  acid,  10  ml 

2.50 

4.00 

TABLE  3 

pH  of  Mixtures  of  Phenols  with  Salts 


Salts 

Phenol 

Ammonium  molybdate 

Ammonium  vanadate 

Pyrocatechol 

1.90 

4.00 

Pyrogallol 

2.00 

3.86 

Gallic  acid 

1.50 

2. 70 
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It  should  be  mentioned  that  the  colors  of  the  compounds  change  widely  depending  on  the  concentrations  of 
the  metals  and  reactants.  The  colored  solutions  show  a  high  sensitivity.  We  made  a  study  of  some  of  their 
physicochemical  properties.  The  optical  density  was  determined  as  being  the  most  characteristic  property  of 
such  systems. 

TABLE  4 


Colors  of  Compounds  In  Concentrated  Sulfuric  and  Hydrochloric  Acids 
(our  data) 


Ammonium  vanadate 

Ammonium  molybdate 

Phenols 

H2SO4 

HCl 

H2SO4 

HCl 

Pyrocatechol 

Light  yellow -green 

Light  yellow 

Emerald  green 

Colorless 

Resorcinol 

Pale  brown-yellow 

Light  pink 

Pink-orange, 
blue -violet 

Colorless 

Hydroquinone 

Emerald  green 

Light  yellow 

Emerald  green 

Likewise 

Pyrogallol 

Brown-red 

Likewise 

Dark  brown 

Light  violet 

a-Naphthol 

Emerald  green 

Light  blue 
with  opal- 

escence 

Emerald  green 

Colorless 

S  -Naphthol 

Brown 

Colorless 

Colorless 

Likewise 

Gallic  acid 

Light  Brown 

Orange-red 

Likewise 

- 

Chromo  tropic 

acid 

Colorless 

Colorless 

" 

SPECTROPHOTOMETRIC  STUDY  OF  THE  RELATIONSHIP  BETWEEN 
COLOR  AND  THE  SULFURIC  ACID  CONCENTRATION.  EXCESS  OF 
REAGENT,  AND  THE  TIME 

Relationship  Between  Optical  Density  and  the  Sulfuric  A c Id  Concentration 

In  studying  the  color  reactions  of  titanium  with  phenols  in  concentrated  sulfuric  acid,  one  of  us  established 
the  relationship  existing  between  the  optical  density  of  colored  solutions  and  the  acidity  [7],  By  means  of  prelimi¬ 
nary  experiments  it  was  established  that  in  the  case  of  molybdate  —  and  vanadate  —  phenol  solutions  the  optical 
density  is  even  more  dependent  on  the  acidity.  The  study  was  made  as  follows;  a  3. 3  •  10”^  solution  of  either 
ammonium  molybdate  or  vanadate  was  mixed  in  a  ground -glass  stoppered  glass  cylinder  with  a  definite  excess  of 
the  phenol  in  80%  H2  SO4  solution,  after  which  sulfuric  acid  of  variable  concentration  was  added.  The  total 
volume  of  each  mixture  was  15  ml.  The  various  mixtures  were  then  thoroughly  mixed,  and  their  optical  densities 
measured  at  the  end  of  definite  time  intervals  (15  min,  30,  min,  1  hr,  4  hrs,  and  24  hrs),  using  cuvettes,  a  layer 
thickness  of  10  mm,  and  light-filters  with  the  optimum  wave-length  characteristics.  The  curves  for  the  light 
absorption  of  the  mixtures  are  shown  in  Figs.  3  and  4. 

The  shape  of  the  curves  indicates  that  the  color  intensity  is  a  strongly  dependent  on  the  sulfuric  acid  con¬ 
centration,  in  which  connection  the  highest  intensity  is  reached  in  95%  sulfuric  acid. 

Relationship  Between  Optical  Density  and  Excess  of  Reagent  and  Time  of  Reaction 

Based  on  preliminary  experiments  it  was  established  that  the  optical  density  of  the  colored  solutions  depends 
on  the  molar  ratio  of  hydroxy  compound  to  either  vanadate  or  molybdate.  To  establish  the  optimum  excess  of 
reagent  we  took  0.5  ml  aliquots  of  a  0.01  M  solution  of  either  vanadate  or  molybdate  and  mixed  them  with 
various  amounts  of  a  0. 1  M  solution  of  the  hydroxy  compound.  Each  mixture  was  then  diluted  with  concentrated 
sulfuric  acid  to  a  total  volume  of  15  ml.  The  optical  density  of  the  colored  solutions  was  measured  15  minutes 
after  mixing,  using  a  FEK-M-  photocolorimeter  and  a  blue  light  filter  with  Xmax  excep¬ 

tions  were  the  solutions  of  molybdate  and  vanadate  with  a-naphthol,  where  the  optical  density  was  measured 
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Fig.  3.  Relationship  between  the  optical 
density  of  solutions  and  the  percent  con¬ 
tent  of  sulfuric  acid  for  solutions  of  vana¬ 
date  with  various  phenols. 

1)  hydroquinone,  2)  pyrocatechol,  3) 
resorcinol,  4)  pyrogallol,  5)  gallic  acid, 
6)  a-naphthol,  7)  S  -naphthol. 


(in  %) 

Fig.  4.  Relationship  between  the  optical 
density  of  solutions  and  the  percent  con¬ 
tent  of  sulfuric  acid  for  solutions  of  mo¬ 
lybdate  with  various  phenols  . 

1)  hydroquinone,  2)  resorcinol,  3)  pyro¬ 
gallol,  4)  a-naphthol. 


using  a  red  light  filter  with  solution 

of  vanadate  with  6  -naphthol,  where  the  optical  density  was 
measured  using  a  green  light  filter  with  X^ax 
cuvettes  with  a  layer  thickness  of  10  mm).  The  experimental 
data  aie  plotted  in  Figs.  5  and  6.  From  the  curves  it  can  be 
seen  that  the  optical  density  as  a  function  of  the  molar  ratios 
increases  differently  for  the  different  phenols,  whereas  for  the 
mixtures  of  vanadate  with  resorcinol,  pyrogallol,  a-naphthol 
and  6  -naphthol  the  maximum  optical  density  is  reached  with 
a  3-fold  excess  of  the  reagent ;  for  the  compound  of  vanadate  with 
tallic  acid  it  is  not  reached  even  with  a  60 -fold  excess  of  the 
latter. 


A  reduction  in  the  optical  density  after  reaching  the 
optical  maximum  is  observed  for  most  of  the  colored  solutions, 
and  in  a  number  of  cases  a  change  in  the  color  when  further 
excess  reagent  is  added.  This  indicates  the  possible  formation 
of  several  complexes.  The  color  becomes  stabilized  in  10-15 
minutes,  and  then  the  optical  density  does  not  change  with  time. 

DETERMINATION  OF  THE  COMPOSITION  OF  THE 
COLORED  COMPOUNDS  OF  VANADIUM  AND 
MOLYBDENUM  WITH  PHENOLS  IN  CONCENTRATED 
SULFURIC  ACID 

The  method  of  isomolar  series  in  90%  sulfuric  acid 
was  used  by  us  to  determine  the  ratios  of  the  reacting  com¬ 
ponents  in  colored  solutions.  •  For  this,  0.01  M  solutions  of 
vanadate  and  molybdate  were  mixed  with  equimolar  solutions 
of  a  number  of  phenols  in  such  manner  that  the  total  volume 
of  each  mixture  was  1  ml.  Then  14  ml  of  concentrated 
sulfuric  acid  was  added  to  each  mixture.  To  determine  the 
change  In  the  optical  density  as  a  function  of  the  molar  ratio . 
we  used  a  FEK-M  photocolorimeter,  and  the  measurements  were 
made  at  the  end  of  15  minutes,!  hour. and  2  hours,  using  cuvettes# 
a  layer  thickness  of  10  mm,  and  light-filters  with  the  optimum 
wavelengths.  The  experimental  data  are  shown  in  Figs.  7  and 
8,  where  the  concentrations  of  the  components  in  the  mixtures 
are  plotted  along  the  abscissa,  and  the  optical  densities  are 
plotted  along  the  ordinate  (in  the  case  of  colored  solutions  for 
the  components  it  is  the  deviation  of  the  optical  density  from 
additivity  that  is  plotted  along  the  ordinate).  The  results  of  these 
experiments  indicate  that  vanadate  forms  compounds  of  the  2:3 
type  with  hydroquinone, resorcinol, and  pyrogallol, of  the  1:1  type 
with  pyrocatechol  and  a -naphthol, and  of  the  2: 1  type  with  0-naphthol. 


In  the  case  of  molybdate  a  compound  of  the  3:2  type  is  formed  with  a-naphthoL  of  the  2:3  type  with 
pyrogallol,  of  the  L2  type  with  hydroquinone,  and  of  the  1:4  type  with  pyrocatechol. 

•The  state  of  vanadium  (5  +)  and  molybdenum  (Gt-)  ions  in  acid  medium  depends  to  a  large  degree  on  the  acid 
concentration.  Most  authors  assume  that  VO^  is  formed  in  strongly  acid  medium  [8-10].  In  a  recent  paper 
by  Chauveau  [11]  pertaining  to  molybdenum,  it  is  stated  that  M0O2  CI2  is  formed  in  concentrated  hydrochloric 
acid,  and  that  the  complex  [M0O3  •  SO4  '  H2]H  Is  formed  in  sulfuric  acid  when  the  concentration  ranges  from 
1.5  to  8  M.  We  failed  to  find  data  in  the  literature  on  the  character  of  the  molybdate  complex  in  more  con¬ 
centrated  sulfuric  acid. 
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Fig.  5.  Relationship  between  the  optical  den¬ 
sity  and  the  molar  ratios  of  phenol:  vanadate 
and  phenol:  molybdate. 

1)  hydroquinone:  molybdate,  2)  pyrocatechol: 

:  vanadate,  3)  hydroquinone-. vanadate,  4) 
resorcinol:  vanadate,  5 )  pyrogallol:  molybdate, 
6)  a-naphthol:  molybdate,  7)  a-naphthol: 

:  vanadate,  8)  0 -naphthol:  vanadate. 


Ammonium  Mole%  Phenols 

vanadate 


iO  20  30  40 

Molar  ratio 


Fig.  6.  Relationship  between  the  optical  density  and 
the  molar  ratios  of  phenol  -.vanadate  and  phenol:  mo¬ 
lybdate. 

1)  resorcinol:  molybdate,  2)  pyrogallol:  vanadate, 

3)  gallic  acid:  vanadate. 


Ammonium  Mole  %  Phenols 

molybdate 


Fig.  8.  Composition  of  molybdate -phenol 
compounds  In  concentrated  sulfuric  acid. 

1)  pyrocatechol,  2)  pyrogallol,  3)  hydroquinone, 
4)  a-naphthol. 

SUMMARY 


Fig.  7  .  Composition  of  vanadate-phenol 
compounds  in  concentrated  sulfuric  acid. 

1)  pyrocatechol,  2)  pyrogallol,  3)  hydro¬ 
quinone,  4)  resorcinol,  5)  0  -naphthol,  6) 
a-naphthol. 


1.  Vanadates  and  molybdates  form  intensely  co¬ 
lored  solutions  at  pH  4-10  with  only  those  hydroxy  com¬ 
pounds  in  which  the  complex -forming  groups  stand  ortho 
to  each  other.  However,  In  concentrated  sulfuric  acid 
they  form  colored  solutions  with  many  phenols,  indepen¬ 
dent  of  the  structure  of  the  latter. 


2.  The  color  of  the  compounds  depends  to  a  large  degree  on  the  excess  of  reagent,  and  In  strongly  acid 
solutions,  also  on  the  sulfuric  acid  concentration.  The  optimum  color  Is  obtained  In  concentrated  sulfuric  acid. 
Dilution  of  the  sulfuric  acid  leads  to  a  sharp  decrease  In  the  color  intensity.  It  is  difficult  to  select  the  threshold 
(Interval)  of  sulfuric  acid  concentrations  In  which  the  color  remains  stable.  The  fact  that  the  solution  color 
depends  on  the  molar  ratio  of  hydroxy  compound  to  vanadate  or  molybdate  Indicates  the  possible  formation  of 
a  number  of  com.plexes. 

The  character  of  the  reaction  of  vanadate  and  molybdate  with  phenols  In  weakly  acid  medium  was  deter¬ 
mined,  as  was  also  the  composition  of  the  compounds  formed  in  concentrated  sulfuric  acid. 
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LIQUID-CRYSTAL  EQUILIBRIUM  IN  SYSTEMS  INVOLVING 
FLUORANTHENE 

V.  M.  Kravchenko  and  I,  S.  Pastukhova 
Donets  Industrial  Institute 


Recently  we  had  published  some  study  results  on  the  equilibria  existing  between  the  liquid  and  crystalline 
phases  in  systems  involving  the  four-ring  hydrocarbons, pyrene  [1]  and  chrysene  [2],  Data  only  partially  charac¬ 
terizing  some  of  the  phase  diagrams  of  fluoranthene  are  reported  in  a  paper  by  Frank  (he  fails  to  give  any  in¬ 
formation  as  to  when  crystallization  ends  in  the  systemsX3]. 

In  this  communication  we  discuss  that  group  of  systems 
involving  fluoranthene  that  are  considered  as  being  the  quanti¬ 
tatively  predominant  components  of  coal  tar.  We  studied  nine 
binary  systems,  in  which  the  second  components  were  benzene, 
1,2,4,5-tetramethylbenzene  (durene),  naphthalene,  2-methyl- 
naphthalene,  2,7-dlmethylnaphthalene,  phenanthrene,  fluorene, 
anthracene  and  acenaphthene,  i.e.  representatives  of  one-,  two- 
and  three -ring  aromatic  hydrocarbons. 


EXPERIMENTAL 

System  components.  For  our  work  we  took  "pure"  com¬ 
pounds.  labeled  as  being  of  highest  quality  and  m.p. ,  and 
purified  them  further, either  by  distillation  or  recrystallization, 
after  which  they  had  the  following  melting  points:  benzene 
5.48-5.51”,  durene  79.0-79.?,  naphthalene  80.0-80.?,  2-me- 
thylnaphthalene  34.0-34.1”,  2,7-dlmethylnaphthalene  97.0”, 
phenanthrene  99.2-99.4’,  fluorene  114.0-114.?,  anthracene 
216.5”,  and  acenaphthene  95.0-95.?, 

Method  used  to  study  the  phase  equilibria.  The  thermal 
analysis  method  was  used  to  obtain  all  the  experimental  data, 
supplemented  by  visual  observations.  An  electromagnetic 
stirrer  was  used  to  stir  the  melts.  Details  of  both  the  method 
and  the  apparatus  have  been  described  earlier  [4]. 

Binary  Systems  of  Fluoranthene 


mole  % 

Fig.  1.  Liquid -crystals  equilibrium  in 
systems  of  fluoranthene  with  benzene 
(1),  durene  (2),  naphthalene  (3),  2-methyl- 
naphthalene  (4),  2,7-dimethylnaphthalene 
(5),phenanthrene  (6),fluorene  (7).anthracene 
(8),  and  acenaphthene  (9). 


As  was  revealed  by  the  experiments  in  which  the  tem¬ 
perature  of  the  start  and  end  of  crystallization  for  mixtures 
with  a  variable  content  of  components  was  determined,  all 
nine  systems  involving  fluoranthene  belong  to  the  eutectic 
type.  The  numerical  data,  characterizing  the  conditions  of 
phase  equilibria  in  the  individual  systems,  are  given  in  the 
summary  table;  the  phase  diagrams  constructed  from  these 
data  are  shown  in  Fig.  1. 
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Binary  Systems  of  Fluoranthene  with  Aromatic  Hydrocarbons. 


Fluoranthene 

concentration 

Crystallization 

temperature 

Fluoranthene  ! 

concentration  | 

Crystallization 

temperature 

Wt  .’/o 

mole  % 

start 

eutectic 

wt.  % 

mole  */« 

start 

eutectic 

Fluoranthene  _Benzene 

2.  F  luor  an  thene_  Dure  ne 

100.00 

100.0 

no.!)” 

_ 

1 09.00 

100.0 

110.0° 

_ 

71.22 

48.9 

75.1 

— 

91.85 

88.2 

101.6 

58.5° 

6{;.2;i 

43.1 

70.1 

— 

84.42 

78.2 

!)5.0 

58.6 

.^.20 

34.9 

60.0 

73.61 

64.9 

85.0 

59.0 

50.0!  1 

28.6 

51.2 

— 

63.71 

53.8 

76.0 

59.0 

42.30 

220 

42.6 

— 

55.00 

44.8 

67.2 

5).0 

37.40 

18.7 

36.3 

1.0° 

50.02 

39.9 

61.3 

59.0 

34  .W 

17.1 

34.5 

1.1 

48.14 

38.2 

59.0 

59.0 

;10.37 

14.4 

27.6 

1.2 

44.76 

35.0 

59.5 

5!).0 

2(;.03 

12.3 

22.3 

1.2 

37. .54 

28.5 

63.3 

59 

22.70 

10.2 

17.0 

1.2 

32.00 

23.8 

66.2 

59 

17.59 

7.6 

7.7 

1.2 

22.37 

16.0 

70.1 

58.8 

15.31 

6.5 

4.0 

1.2 

12.26 

8.5 

74.2 

58.8 

13.07 

5.7 

1.2 

1.2 

0.00 

0.0 

79.2 

— 

10.78 

4.1 

1.7 

1.2 

4.80 

2.1 

3.3 

1.2 

0.00 

0.0 

5.5 

— 

4.  Fluoranthene— 2 -me thy  1  - 

n  a 

jhthalene 

1000 

100.0 

1 10.0° 

_ 

3.  Fluoranthene  —  Naphthalene' 

92.65 

89.8 

102.4 

— 

1(0  (K) 

100.0 

1 10  0° 

— 

81.67 

75.8 

91.9 

18.6° 

91.75 

87.5 

101.0 

5.5.4° 

73.09 

65.6 

83.4 

18.8 

72.90 

70.7 

88.2 

55.6 

66.31 

58.0 

76.5 

19.0 

7 1 .5!) 

01.4 

7!1.6 

5.5.6 

57.83 

49.2 

68.1 

19.0 

030 

51.9 

703 

55.7 

.50.00 

41.4 

.57.1 

19.2 

57.40 

46.1 

63.9 

55.8 

42.13 

3.3.8 

44.2 

19.0 

52.'.0 

41.1 

57.7 

55.8 

3<J.56 

28.9 

37.0 

19.2 

50.15 

3!I.O 

55.8 

55.8 

30..")0 

23.6 

24.7 

19.0 

44.52 

3.3.7 

5!1.0 

55.8 

26..33 

20.1 

19.3 

19.3 

34.12 

24.7 

65..3 

55.7 

22.(K) 

16.5 

20.6 

19.3 

17.31 

11.7 

73.1 

55.4 

17..34 

12.9 

23.3 

19.3 

0.00 

0.0 

80.2 

— 

13.78 

10.1 

25.2 

19.3 

0.00 

0.0 

.34.1 

— 

5.  Fluoranthen  e—  2,7  -D  i  m  e  t  h  y  1  - 

naphthalene 

6.  Fluoranthen e—  Phenanthrene 

lOO.Oi) 

100.0 

110.0° 

_ 

100.00 

100.0 

110.0° 

— 

89.15 

86.4 

99.4 

— 

90.75 

8!».6 

102.5 

- 

;(0.2O 

75.8 

90.6 

65.8" 

76.20 

73.8 

91.8 

— 

72.(')4 

67.2 

83.2 

65.8 

67.32 

64.4 

85.3 

72.8° 

65.28 

59.3 

76.1 

66.0 

59.60 

56.3 

80.2 

72.8 

57.32 

5»i.9 

67.5 

66.0 

51.15 

48.0 

74.3 

72.8 

51.70 

48.2 

66.0 

66.0 

49.17 

46.0 

73.0 

73.0 

46.42 

42.8 

71.0 

66.0 

42.10 

39.1 

76.4 

72.8 

.35.21 

29.6 

79.4 

65.9 

.32.10 

29.4 

82.1 

— 

25.31 

20.8 

84.9 

65.7 

17.36 

15.6 

90.6 

10.62 

8.4 

92.1 

65.6 

7.26 

6.5 

95.5 

— 

0.00 

0.0 

97.0 

— 

0.00 

0.0 

99.3 

— 

7-  F  1  uor a n t hene— F  1  uor en e 

^•Fluoranthene  —  Anthracene 

100.00 

1(0.0 

110.0° 

— 

109.09 

100.0 

1  1 10.0° 

— 

92.0) 

!K).5 

103.1 

68.7° 

9.3.78 

93.0 

104.6 

— 

82.73 

79.7 

94.9 

68.7 

91.60 

90.6 

10.3.3 

101° 

74.10 

70.1 

86.8 

68.8 

89.59 

88.4 

101.8 

101 

67.02 

62.5 

79.4 

69.0 

88.40 

86.0 

101.0 

101 

61.83 

,57.1 

74.7 

69.0 

87.37 

85.9 

107.0 

101 

57.86 

53.0 

69.9 

69.0 

85.48 

83.0 

114.1 

101 
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Binary  Systems  of  Fluoranthene  with  Aromatic  Hydrocarbons 


Fluoranthene 

concentration 

Crystallization 

temperature 

Fluoranthene 

concentration 

Crystallization 

temperature 

wt.  */o 

mole  ®/o 

start 

eutectic 

wt.  »/« 

mole  o/o 

start 

eutectic 

7.  FI 

uor  a  n  tl 

lene  — Flu( 

jrene 

8.  Fli 

lor  a  n  th  ( 

>ne  — A  n 

thracene 

.56.74 

51.9 

69.0 

69.0 

82.26 

80.4 

122.5 

101 

52.00 

47.7 

72.1 

69.0 

69.86 

67.1 

146.7 

100.8 

'i3.00 

38.9 

80.6 

69.0 

59.62 

56.6 

162.0 

100.6 

.34.10 

29.8 

90.5 

68.8 

48.71 

45.6 

176.2 

100.4 

22.78 

19.5 

100.0 

68.8 

38..50 

35.5 

186.5 

100.3 

11.85 

9.9 

107.5 

68.7 

29.44 

26.9 

194.2 

100.0 

O.lKt 

0.0 

114.0 

19.82 

17.8 

201.9 

99.7 

O.(»0 

0.0 

216.5 

- 

9  F  1  uo 

r  a  n  th  e  n  e 

—  Acenaphthen 

e 

100.00 

100.0 

1 10.0'’ 

49.(i3 

42.9 

62.1° 

61.8' 

8.5.21 

81.5 

95.6 

4.5.45 

38.8 

66.2 

61.8 

79.73 

7.5.2 

90.2 

61.6 

35.19 

29.3 

75.0 

61.7 

66.82 

60.6 

77.5 

61.8 

20.:?.5 

16.3 

8 1.9 

61.5 

55.95 

49.2 

67.»i 

6I.S 

10.51 

9.2 

.89.1 

61.3 

50.58 

4.3.8 

61.8 

61. S 

0.(0 

0.0 

9.5.1 

— 

1.  System  fluoranthene -benzene.  The  eutectic  contains  13.67  wt.%(5.7  mole  ^o)  of  fluoranthene;  it 
crystallizes  at  1.2* ;  the  latter  value  was  confirmed  by  second  eutectic  rests  on  the  thermal -analysis  curves  in 
all  of  the  studied  mixtures.  On  the  diagram  of  state  that  portion  of  he  curve  corresponding  to  80-110*  is  plotted 
as  a  dotted  line,  since  the  corresponding  mixtures,  having  a  benzene  content  of  less  than  28%  by  weight,  were 
not  studied  at  temperatures  above  the  boilining  point  of  benzene  at  atmospheric  pressure.  However,  this  did  not 
impede  the  conclusion  that  the  phase  equilibria  in  the  system  fluoranthene -benzene  are  of  the  eutectic  type. 

Both  components  crystallized  from  vigorously  stirred  melts  when  the  degree  of  supercooling  did  not  exceed  1-?. 

2.  System  fluoranthene-  1.2,4,5-tetramethylbenzene  (durene).  The  eutectic  crystallizes  at  59.0"  and  has 
a  fluoranthene  content  of  48.14  wt.  %(38. 2  mole  %).  In  all  of  the  experiments  second  eutectic  rests  were  ob¬ 
served  on  all  of  the  thermal  analysis  curves  at  59-58.5*.  In  the  crystallization  of  fluoranthene  from  stirred  melts, 
the  supercooling  did  not  exceed  2-2?* ,  while  the  durene  crystals  deposited  from  the  melt  almost  immediately. 

3.  Systems  fluoranthene -naphthalene.  The  eutectic  mixture  contains  50.15  wt.  %(39.0  mole  %)  of 
fluoranthene;  the  eutectic  temperature  Is  55.8*;  the  latter  value  was  excellently  confirmed  by  second  rests  on 
the  thermal-analysis  curves  of  all  of  the  studied  mixtures.  The  components  crystallized  from  the  stirred  melts 
with  very  slight  supercooling  (l-Sf). 

4.  System  fluoranthene— 2 -methylnaphthalene.  The  eutectic  mixture  contains  26.33  wt.  %(20.1  mole  %) 
fluoranthene.  It  crystallizes  at  19.  S’ .  The  supercooling  in  the  crystallization  of  fluoranthene  from  stirred  melts  ' 
was  l-S*.  and  In  the  crystallization  of  2 -methylnaphthalene  It  was  3-6”. 

5.  System  fluoranthene— 2, 7-dlmethylnaphthalene.  The  eutectic-point  coordinates  are;  66.0*  and  fluo¬ 
ranthene  content  54.70  wt.  %(48.2  mole  %).  The  supercooling  In  the  crystallization  of  the  components  from 
stirred  melts  is  2-4*. 

6.  System  fluoranthene -phenanthrene.  Here  the  fluoranthene  concentration  in  the  eutectic  mixture  is 
49.17  wt.  %  (46.0  mole  %),  and  the  eutectic  temperature  is  73.0*.  In  the  experiments  here  It  was  revealed  that 
second  eutectic  rests  on  the  thermal-analysis  curves  ceased  to  appear  on  the  fluoranthene  side  when  the  concen¬ 
tration  of  this  hydrocarbon  was  70  wt.  %,  and  on  the  phenanthrene  side  when  the  phenanthrene  concentration  was 
65  wt.  %.  From  this  it  is  possible  to  conclude  that  large  regions  of  limited  solid  solutions  are  present  in  the  sys¬ 
tem  on  the  sides  of  both  components.  In  all  ot  the  experiments  the  delay  in  crystallization  did  not  exceed  2*  when 
the  molten  mixtures  were  cooled  with  vigorous  stirring. 

7.  System  fluoranthene -fluorene.  It  should  be  mentioned  that  in  this  system  the  curves  of  the  start  of 
crystallization  show  an  extremely  symmetrical  arrangement.  The  coordinates  of  the  eutectic  point  are;  equilib¬ 
rium-phase  temperature  69.0*  and  fluoranthene  concentration  56.74  wt.  %(51.9  mole  %).  The  fluoranthene  crys¬ 
tallized  from  the  molten  mixtures  with  a  supercooling  of  I-?,  while  for  fluorene  it  was  2-^. 
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Fig.  2.  Solubility  of  fluoranthene 
in  naphthalene  (1),  phenanthrene 
(2),  and  durene  (3). 


Fig.  3.  Cross  sections  of  molecular  models: 

Sjj  —  fluoranthene,  Sjj  —  benzene,  S^j  -durene, 
Sn-haphthalene,  S2n“2-methylnaphthalene, 
^2,7n“  2,7-dimethylnaphthalene,  Sj^  — fluorene, 
Sph  -phenanthrene,  S^-anthracene,  S^j,— 
acenaphthene. 


8.  System  fluoranthene -anthracene.  The  eutectic  was 
characterized  by  a  temperature  of  lOT  and  a  fluoranthene  con¬ 
tent  of  88.40  wt.  %(87.0  mole  ^o).  Second  eutectic  rests  were 
observed  in  all  of  the  investigated  mixtures  except  one.  This 
excludes  the  presence  of  a  large  region  of  solid  solutions  of 
fluoranthene  in  anthracene.  Fluoranthene,  crystallizing  from 
the  melt  together  with  anthracene,  apparently  forms  limited 
solid  solutions  of  low  concentration  with  the  latter.  A  large 
difference  in  the  melting  points  of  the  system  components  (100*) 
was  responsible  for  the  unsymmetrical  appearance  of  the  phase 
diagram.  The  degree  of  supercooling,  required  for  the  ap¬ 
pearance  of  the  first  crystals  of  anthracene  and  fluoranthene 
from  the  vigorously  stirred  molten  mixtures,  was  2-4". 

9.  System  fluoranthene -acenaphthene.  Here  the  eutectic 
crystallizes  at  61.^,  and  the  fluoranthene  concentration  in  the 
mixture  is  50.58  wt.  %(43.8  mole  %).  In  cooling  the  melts, 
eutectic  rests  were  observed  on  the  temperature-time  curves  of 
all  of  the  mixtures  (with  one  exception).  Both  components 
crystallized  from  the  melts  almost  without  supercooling,  and 
the  latter  did  not  exceed  0.5-1". 

Calculation  of  the  Fusion  Heat  of  Fluoranthene 

Very  little  experimental  data  exists  in  the  literature  on 
the  latent  heats  of  fusion  of  aromatic  hydrocarbons.  Thus  we 
do  not  have  any  information  on  calorimetric  studies  of  the  heat 
of  fusion  of  fluoranthene.  The  obtained  thermal  analysis  data 
can  be  used  to  calculate  this  value. 

We  will  assume  that  the  studied  eutectic  systems  obey 
the  equation  derived  by  I.  F.  Shreder  [5]  for  ideal  solutions: 

In  X  =  0(1/T—  1/Ti)/R,  where  X  is  the  mole  fraction  of 
fluoranthene,  R  Is  the  gas  constant,  equal  to  1.985  cal/ mole, 

T  is  the  melting  point,  Tj  Is  the  initial  crystallization  tem¬ 
perature  of  fluoranthene,  and  0  is  the  sought  heat  of  fusion.  If 
approximately  the  same  values  of  0  are  obtained  when  the  ex¬ 
perimentally  found  values  of  X  and  Tj  are  substituted  in  the 
Shreder  equation,  then  this  supports  the  assumption  made  that 
the  corresponding  binary  system  approaches  the  ideal  type. 

The  performed  calculation.^  revealed  that  relatively  con¬ 
stant  values  of  O  are  obtained  for  fluoranthene  when  based  on 
the  thermal-analysis  data  for  the  system  fluoranthene-naph¬ 
thalene.  The  average  value  of  the  heat  of  fusion  (crystallization) 
for  fluoranthene  is  approximately  equal  to  4300  cal/ mole. 
Similar  calculations  of  the  0  for  fluoranthene,  based  on  the 
found  values  of  X  and  Tj  for  the  systems  fluoranthene -fluorene 
and  fluoranthene-2-methylnaphtalene,  showed  a  somewhat 
lesser  constancy  of  the  0  values  than  for  the  system  fluoranthene - 
naphthalene. 

The  above  is  clearly  illustrated  by  plotting  the  solubility 
of  fluoranthene  In  naphthalene,  fluorene  and  2-methylnaphthalene 
in  die  coordinates  log  X  and  lO^T  (Fig.  2):  the  points  for  the 
system  fluoranthene -naphthalene  fall  closer  to  a  straight  line 
than  do  the  points  for  the  other  systems. 
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Molecular  Structure  and  Type  of  Phase  Diagram 

We  will  discuss  the  molecular  structure  and  dimensions  of  the  components  of  the  investigated  systems,  and 
we  will  compare  this  structure  data  with  the  type  of  phase  diagram.  We  will  utilize  existing  data  on  the  x-ray 
and  electronographic  determination  of  the  fine  structure  of  aromatic  hydrocarbon  molecules.  Structure  charac¬ 
teristics  of  this  type  were  obtained  for  benzene,  durene,  naphthalene,  fluorene,  anthracene  and  acenaphthene. 

The  centers  of  the  carbon  atoms  in  the  molecules  of  these  compounds  are  found  approximately  in  one  plane.  The 
existing  data  [6]  on  interatomic  distances  and  valence  angles  indicate  a  slight  difference  in  the  dimensions  of 
structurally  similar  elements  in  the  molecules  of  the  mentioned  hydrocarbons,  which  permits  utilizing  the 
following  average  values  of  the  valence  bonds  and  angles  in  constructing  the  molecular  models: 

C— Car  =rl.4A,  C— Cai.=1.5A,  -H=1.0A,  <G— C=Cat  =120°. 

Using  this  data  we  constructed  the  internal  cross-section  contours  of  the  schematic  molecular  models  of  all 
of  thecomponents(exceptlng  acenaphthene  )of  thesystems  studied  in  the  present  paper  (Fig.  3).For  acenaphthene  the 
distance  CH^  —  CH^  was  taken  equal  to  1.62  A  [7]. To  construct  the  external  cross-section  contours  of  all  of  the 
models  shown  in  Fig.  4  we  used  the  intermolecular  radii  of  approach  [8]:  R(^  =  1.72  A  and  Rj^  =  1.17  A. 

In  the  case  of  durene  and  the  naphthalene  homologs,  the  hydrogen  atoms  of  the  methyl  groups  linked  to  the 
aromatic  ring  fall  only  partially  in  the  cross-section  plane  of  the  molecular  model.  Consequently  they  are 
shown  conditionally  in  the  cross  section  of  each  methyl  group  as  a  crescent -shaped  cross  section  of  only  one  H 
atom.  A  deviation  of  w  7  in  the  angle  of  adjacent  repulsing  methyls  is  shown  In  the  cross  section  of  the  durene 
model. 

We  also  determined  the  cross-section  areas  of  the  molecular  models  shown  in  Fig.  3.  They  proved  to  be 
approximately  (+1  A*)  as  follows:  of  fluoranthene  w  72  A*,  S|j  of  benzene  «  33  A^  S^j  of  durene  «  53  A*, 

Sjj  of  naphthalene  «  49  A*,  S2n  of  2-methylnaphthalene  w  54  A*,  S2, m  of  2,7-dimethylnaphthalene  w  59  A*, 

Sph  of  phenanthrenesa  66  A*,  Sfj  of  fluorene  «  60  A*,  of  anthracene  «  65  A*,  and  of  acenaphthene  « 

(a  56  A*. 

Consequently,  the  cross-section  area  of  the  molecular  model  of  fluoranthene  is  larger  than  the  cross-sec¬ 
tion  areas  of  the  molecular  models  of  any  of  the  nine  components  of  the  studied  systems. 

On  the  whole,  the  eutectic  nature  of  the  nine  fluoranthene -containing  systems  described  above,  revealed 
as  a  result  of  the  performed  experiments,  fits  In  well  witii  tne  variation  in  the  shapes  and  sizes  of  the  component 
molecules.  In  eight  of  the  nine  combinations  the  ratio  of  the  cross-section  areas  of  the  molecular  models  of 
the  components  exceeds  10-15<7a  According  to  our  earlier  established  rule  [10]  this  fully  explains  the  eutectic 
type  of  phase  diagrams,  even  in  the  case  of  systems  formed  from  components  having  a  similar  molecular  shape. 
Here,  together  with  the  indicated  large  deviation  in  the  size  of  the  areas,  we  also  have  a  large  variation  in  the 
cross-section  shapes  of  the  molecular  models  of  the  components  of  the  systems. 

Indications  of  the  formation  of  limited  solid  solutions  were  revealed  only  for  the  eutectic  system  fluoran¬ 
thene -phenanthrene.  It  is  characteristic  that  it  is  specifically  this  pair  of  compounds  that  differ  less  than  the 
other,  both  In  the  cross-section  shapes  of  their  molecular  models  (this  appears  when  the  model  cross-sections 
are  superimposed)  and  in  their  size. 

Fluoranthene  crystals  have  the  following  ratios  of  the  axis  and  lattice  parameters  [  9]:  a  :  b  :  c  =  2.975  : 
:1:3.563;  a=  18.46,  b=  6.205,  c=  22.11;  .cirrs  121"  45’,  n  =  8,  F.c.  P2i /C.  Two  fluoranthene  molecules 
form  one  asymmetric  unit  in  the  elementary  cell  of  the  crystal.  The  similar  values  (a,  b,  c,  0 )  for  the  second 
components  of  the  Investigated  systems  differ  substantially  from  the  parameters  given  for  fluoranthene.  This 
difference  can  also  be  explained  by  assuming  that  continuous  solid  solutions  are  absent  in  the  Investigated  systems. 

DISCUSSION  OF  RESULTS 

In  the  present  paper, nine  binary  systems,  containing  fluoranthene  and  a  second  component  of  variable  shape 
and  structure,  were  discussed  (Fig.  3).  The  second  components  were:  benzene  and  one  of  its  homologs,  naphtha¬ 
lene  and  two  of  its  homologs,  and  also  the  prototypes  of  four  Important  homologous  series  of  trinuclear  aromatic 
hydrocarbons,  namely  phenanthrene,  anthracene,  fluorene  and  acenaphthene. 
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Based  on  the  fact  that  the  systems  of  fluoranthene  wldi  benzene  and  with  durene  were  found  to  be  of  the 
eutectic  type,  and  taking  Into  account  the  molecular-structure  comparisons  made  In  the  previous  section,  It 
becomes  possible  to  predict  that  all  systems  containing  fluoranthene  and  a  benzene  hydrocarbon  (toluene,  xylenes, 
ethylbenzene,  trlmethylbenzene,  etc. )  will  have  a  similar  eutectic  type  of  phase  diagram,  since  substantial 
structural  differences  In  the  molecules  of  die  components  will  appear  In  all  of  these  combinations.  The  fact  that 
the  same  type  of  system  was  shown  for  the  case  of  fluoranthene  with  naphthalene,  2-methylnaphthalene  and 
2,7-dlmethylnaphthalene  serves  as  a  basis  to  prognosticate  that  all  systems  containing  fluoranthene  and  a  hydro¬ 
carbon  of  the  naphthalene  series,  the  latter  also  being  structurally  quite  different  from  fluoranthene,,  will  have 
an  eutectic  type  of  phase  equilibrium.  The  fact  that  an  eutectic  type  of  system  was  found  to  exist  for  the  case 
of  fluorandtene  with  phenanthrene.  anthracene,  fluorene  and  acenaphthene  gives  basis  to  predict  that  the  same 
type  of  system  will  also  hold  for  the  case  of  fluoranthene  with  the  homologs  (mono-,  dl-  and  polymethyl,  ethyl, 
etc)  of  these  trlnuclear  aromatic  hydrocarbons.  Here  also,  as  a  rule,  a  large  difference  In  the  structure  of  the 
components  will  be  manifested.  In  practice,  the  postulated  combinations,  representing  unlnvestlgated  systems 
containing  fluoranthene,  are  found  In  the  Industrial  products  (tars,  oils)  obtained  from  the  processing  of  fuel 
resources  (petroleum,  coal,  etc.). 


SUMMARY 

1.  Nine  two-component  systems  were  studied,  composed  of  fluoranthene  In  combination  with  some  of  the 
mono-,  bi-  and  trinuclear  hydrocarbons  associated  with  it  in  the  technical  mixtures  obtained  from  the  hydrolysis 
of  fuel  resources.  The  studied  systems  were  found  to  be  of  the  eutectic  type. 

2.  The  calculated  fusion  heat  of  fluoranthene  was  found  to  be  approximately  4300  cal/ mole.  The  type  of 
phase  diagram  found  was  explained  by  taking  Into  consideration  the  shapes  and  dimensions  of  the  cross  sections 
of  the  molecular  models  of  the  system  components.  The  type  of  a  number  of  unstudied  systems  containing 
fluoranthene  was  predicted. 
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REACTION  BETWEEN  SODIUM  TUNGSTATE  AND  4,4’-BIS 
(3,4-DIHYDROXYPHENYLAZO)-2,2‘-STILBENEDISULFONIC  ACID 
C'STILBAZO*’)  IN  AQUEOUS  SOLUTIONS 
II.  ACTION  OF  ORGANIC  SOLVENTS  AND  EFFECT  OF  SOME  SALTS 

K.  E.  Kleiner  and  A.  Kh.  Klibus 

Institute  of  General  and  Inorganic  Chemistry.  Academy  of  Sciences  of  the 
Ukrainian  SSR 


In  the  previous  paper  [1]  we  had  shown  that  with  excess  stilbazo  the  optical  density  of  acid  mixtures  of 
sodium  tungstate  and  stilbazo  is  composed  of  the  light  absorption  of  the  stilbazo-tungstate  compound  and  the 
blue  suspension  of  excess  reagent.  For  this  reason  the  relationship  between  the  optical  density  and  the  tungstate 
concentration  is  not  a  straight-line  function. 

In  this  paper  we  Investigated  the  action  of  some  organic  solvents  for  the  purpose  of  separating  stilbazo  and 
the  stilbazo-tungstate  compound.  In  addition,  we  investigated  the  effect  of  certain  salts  on  the  reaction  between 
the  tungstate  and  stilbazo  In  solution. 

The  stilbazo  reagent  was  purified  as  described  earlier  [1], 

ACTION  OF  ORGANIC  SOLVENTS 

To  effect  a  separation  of  the  stilbazo-tungstate  compound  from  excess  stilbazo  we  investigated  the  action 
of  the  following  groups  of  organic  solvents;  1)  chlorofcxm,  carbon  tetrachloride,  dichloroethane,  benzene, 
toluene  and  ethyl  bromide;  2)  butyl  alcohol,  isobutyl  alcohol  and  ethyl  acetate;  and  3)  acetone,  methyl  al¬ 
cohol  and  ethyl  alcohol. 

Aqueous  solutions  of  stilbazo  and  a  solution  of  the  stilbazo-tungstate  compound,  without  an  excess  and 
with  an  excess  of  one  of  the  components,  were  shaken  in  a  separatory  funnel  with  one  of  the  mentioned  solvents. 

In  acid  solutions  the  solvents  of  the  first  group  cause  both  the  blue  stilbazo  suspension  and  the  stilbazo- 
tungstate  compound  to  float  at  the  interface.  The  other  solvents  prove  to  be  excellent  solvents  for  the  blue 
stilbazo  suspension  with  the  formation  of  either  yellow  or  orange  solutions.  In  the  aqueous  phase  if  the  organic 
solvent  Is  water  soluble,  and  in  the  nonaqueous  phase  if  the  organic  solvent  is  insoluble  in  water.  Here  the 
stilbazo-tungstate  compound  also  shows  more  or  less  partial  decomposition.  Of  the  solvents  in  this  group.  In 
strongly  acid  solutions,  only  methanol  can  barely  dissolve  the  precipitate  or  decompose  the  solution  of  stilbazo- 
tungstate  compound. 

Use  can  be  made  of  the  described  action  of  organic  solvents  to  dissolve  the  stilbazo  suspension  and  effect 
a  separation  of  stilbazo-tungstate  compound  from  excess  stilbazo.  The  action  of  methanol  and  benzene  was 
studied  in  greater  detail. 

The  optical  density  of  the  solutions  was  measured  using  a  FM  universal  photometer  of  the  Pulfrich  type 
and  a  M  57  light  filter  (effective  wavelength  574  mp ). 
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ACTION  OF  METHANOL 

The  relationship  between  the  optical  density  of  stilbazo  solutions  and  the  concentration  at  pH  1,  with  and 
without  the  addition  of  methanol,  is  shown  in  Fig.  1.  The  total  volume  of  each  solution  was  50  ml.  In  the  case 
of  flic  methanol -containing  mixtures  each  such  volume  contained  7  ml  of  an  acid  methanol  solution  (ratio  of 
methanol  to  0.2N  hydrochloric  acid  =  1:1). 


Stilbazo  concentration  (in  moles 
per  liter) 


Fig.  1.  Relationship  between  the  optical 
density  of  stilbazo  solutions  and  the  con¬ 
centration. 

1)  without  adding  methanol  (blue  solu¬ 
tions).  II)  mixtures  containing  methanol 
(yellow  solutions),  pH  1.  Cuvette  10  mm. 


1  11/2  2 


Stilbazo  concentration 
(in  moles/ liter) 

Fig.  2.  Relationship  between  the  optical  den¬ 
sity  and  the  mole  ratio  stilbazo /tungstate. 

I)  without  methanol,  II)  with  methanol  added, 
III)  with  correction  for  the  actual  optical  den¬ 
sity  of  excess  stilbazo.  Na2W04=  3.3  •  10"^ 
mole/ liter.  pH  1.  Cuvette  10  mm. 


From  Fig.  1  it  can  be  seen  that  the  optical  density  of 
aqueous  acid  solutions  of  stilbazo  shows  much  greater  change 
with  increase  in  the  stilbazo  concentration  than  does  the  op¬ 
tical  density  of  aqueous  alcohol  solutions.  This  Is  due  to  the 
formation  of  a  blue  suspension  of  stilbazo  in  the  aqueous  acid 
solutions.  In  aqueous  alcohol  solutlo.is  the  blue  suspension 
either  does  not  form  or  it  dissolves  when  methanol  is  added  to 
give  either  yellow  or  orange  solutions. 

The  relationship  between  the  optical  density  of  mixtures 
composed  of  stilbazo  and  sodium  tungstate  solutloas  (pH  l)and 
the  molar  ratio  [stilbazo]:  [Na2  WOJ  at  a  constant  tungstate 
concentration,  with  or  without  the  addition  of  methanol,  is 
shown  in  Fig.  2.  Here  the  volume  of  each  solution  was  60  ml- 
In  this  case  the  aqueous  alcohol  solutions  contained  15  ml  of 
a  mixture  of  methanol  and  IN  hydrochloric  acid  (methanol: 
acid  =  9:1)  in  each  volume.  The  alcohol  mixture  was  added 
2  hours  after  the  components  had  been  mixed. with  hydrochloric 
acid  [1]  and  about  5-10  minutes  before  measuring  the  optical 
density. 

Curves  I  and  II  in  Fig.  2  coincide  provided  the  solutions 
contain  an  excess  of  tungstate.  •  A  decomposition  of  the 
stilbazo-tungstate  compound  by  methanol  is  not  observed  under 
these  conditions.  With  excess  stilbazo  the  optical  density  of 
the  aqueous  alcohol  solutions  is  considerably  less  than  in  the 
absence  of  the  alcohol,  since  methanol  dissolves  the  blue 
suspension  of  excess  stilbazo,  converting  it  to  a  yellow  solution: 
curve  II  approaches  curve  III,  plotted  from  the  data  in  which 
the  effect  of  the  actual  optical  density  of  the  free  stilbazo 
(excess)  on  the  total  density  of  the  solutions  had  been  elimin¬ 
ated.  For  this  reason,  with  a  constant  concentration  of  excess 
stilbazo,  changes  in  the  optical  density  of  aqueous  alcohol 
solutions  as  a  function  of  a  variable  tungstate  concentration 
are  expressed  by  lines  that  approach  a  straight  line.  At  low 
tungstate  concentrations,reaction  between  stilbazo  and  tung¬ 
state  Is  completely  masked  by  the  blue  color  of  the  stilbazo 
suspension  A  formation  of  the  stilbazo-tungstate  compound 
under  these  conditions  can  be  shown  only  after  methanol  Is 
added  to  the  solution.  It  is  possible  to  detect  5-10  micrograms 
of  tungsten  in  10-15  ml  of  the  final  aqueous  alcohol  solution. 

The  slight  solubility  of  the  stilbazo-tungstate  compound 
under  the  described  conditions  can  be  shown  by  shaking  the 
acid  (0.  IN  HCl)  aqueous  alcohol  mixture  with  a  precipitate 
of  the  stilbazo-tungstate  compound.  The  solution  assumes  a 


light-yellow  color  after  the  precipitate  has  settled.  The  solubility  is  reduced  even  furtlier  when  the  acidity  is 


Increased.  When  the  acid  concentration  is  0.5  to  IN  the  aqueous  alcohol  mixture  over  the  precipitate  remains 


•Stilbazo  and  sodium  tungstate  react  in  a  1:2  ratio  when  the  acidity  of  the  solution  is  0.  IN  or  greater  [1]. 
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colorless.  At  such  a  high  acidity  both  the  coagulation  of  stilbazo  in  aqueous  solution  and  of  the  stilbazo-tungstate 
compound  in  aqueous  and  aqueous  alcohol  solutions  are  accelerated.  This  circumstance  can  be  used  to  separate 
the  stilbazo-tungstate  compound  from  excess  stilbazo- 

Three  mixtures  were  prepared,  each  containing  1.3  •  10"^  mole/llter  of  stilbazo  and  varying  amounts  of 
sodium  tungstate  and  0.33N  acid.  In  all  of  the  solutions  the  stilbazo  was  present  in  excess  over  the  tungstate. 

One  hour  after  mixing,  each  solution  was  treated  with  ^/s  its  volume  of  methanol.  After  mixing,  the  solutions 
were  separated  from  the  precipitate  by  filtering  through  No.  3  glass  filters.  The  filtrates  were  yellow.  The  pre¬ 
cipitates  were  washed  with  aqueous  acid-alcohol  mixture(l  part  of  alcohol  to  3  parts  of  0. 33N  acid)  until  the 
effluent  wash  liquor  was  clear.  The  washed  precipitates  were  dissolved  in  equal  volumes  of  pure  methanol.  The 
solutions  had  a  yellow  colon  The  optical  density  of  these  solutions,  measured  using  a  M  43  light  filter  (effective 
wavelength  436  nifj),  was  compared  with  the  concentration  of  tungstate  in  the  corresponding  aqueous  solutions, 
from  which  the  stilbazo-tungstate  compound  had  been  removed  by  precipitation: 

Optical  density  of  alcohol 

solutions  (log  lo /I) .  0.34,  0.67,  1.35. 

Concentrations  of  tungstate  in  original 

solutions  (in  moles/ liter) . 0.4-  10"\  0.8-  10■^  1.6  •  10"^ 

A  direct  proportionality  between  the  tungstate  concentration  in  the  original  solutions  and  the  optical  den¬ 
sity  values  of  the  alcohol  solutions  of  the  precipitates  is  evidence  that  a  good  separation  of  stilbazo-tungstate 
compound  from  excess  stilbazo  had  been  achieved. 

Reaction  between  stilbazo  and  tungstate  is  strongly  hindered  by  methanol.  For  this  reason  the  alcohol  or  its 
acid  mixture  should  be  added  to  the  solution  after  reaction  between  stilbazo  and  the  tungstate  has  ended,  I.e. 

2  hours  after  tlie  reactant  mixture  has  been  acidified  [1]. 

JOINT  ACTION  OF  METHANOL  AND  BENZENE 

Above, it  had  been  indicated  that  both  stilbazo  and  the  stilbazo-tungstate  compound  float  at  the  interface 
when  the  acid  aqueous  solutions  are  shaken  with  benzene  or  the  other  solvents  of  the  first  group.  Here  the  blue 
aqueous  solutions  become  colorless,  while  the  benzene  layer  above  the  Interface  remains  colorless.  The  higher 
the  acidity  of  the  aqueous  solution, the  more  effective  the  flotation. 

The  flotation  of  the  stilbazo-tungstate  compound  is  equally  effective  whether  from  aqueous  alcohol  solu¬ 
tions  or  in  the  absence  of  alcohol,  whereas  benzene  fails  to  cause  the  flotation  of  stilbazo  from  aqueous  alcohol 
solutions  no  matter  what  the  acid  content.  The  flotated  stilbazo-tungstate  compound  is  easily  decomposed  with 
either  caustic  solution  or  ammonia.  Here  the  solution  assumes  either  an  intense  violet  or  blue  color,  character¬ 
istic  for  alkaline  stilbazo  solutions. 

Making  use  of  these  properties,  the  stilbazo-tungstate  compound  can  be  separated  from  excess  stilbazo.  By 
dissolving  the  precipitate  of  stilbazo-tungstate  compound  in  alkali  solution  and  measuring  the  optical  density  of 
the  alkaline  solution, it  becomes  possible  to  determine  the  amount  of  tungstate  in  the  original  solution. 

A  mixture  of  tungstate  and  stilbazo  solutions  in  a  separatory  funnel  is  treated  with  sufficient  0.5-lN  hydro¬ 
chloric  acid  to  give  a  0.  IN  solution  of  the  latter  in  the  final  volume.  After  2  hours, sufficient  acid  is  added  to 
bring  the  concentration  up  to  0.2-0. 3N,  and  also  benzene  in  an  amount  approximately  equal  to  approximately 
half  the  volume  of  the  aqueous  solution.  The  mixture  is  shaken  well  until  the  aqueous  phase  has  become  clear. 
Then  sufficient  hydrochloric  acid -methanol  mixture  (2  ml  of  concentrated  acid  per  100  ml  of  alcohol)  is  added 
to  dissolve  all  of  the  stilbazo  precipitate.  The  required  amount  of  alcohol  is  determined  in  a  previous  experi¬ 
ment  omitting  the  tungstate.  The  shaking  is  continued  for  1-2  minutes.  After  stratification  the  yellow  aqueous 
alcohol  solution  of  stilbazo  is  separated  from  the  nonaqueous  phase  and  flotated  stilbazo-tungstate  compound. 

The  aqueous  alcohol  solution  entraps  a  small  amount  of  the  flotated  stilbazo-tungstate  compound,  for  which 
reason  it  is  suction -filtered  through  a  No.  3  glass  filter.  The  benzene  phase  with  flotated  stilbazo-tungstate 
compound  and  the  precipitate  on  the  filter  are  washed  several  times  with  acidulated  aqueous  alcohol  mixture 
(1  volume  of  alcohol  to  3  volumes  of  0.4N  hydrochloric  acid)  The  flotated  stilbazo-tungstate  compound  and 
the  precipitate  on  the  filter  are  dissolved  in  a  known  volume  of  a  l^hydioxylamine  hydrochloride  solution  in 
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IN  soldlum  hydroxide  solution.  •  A  M  57  light  filter  is  used  to  measure  the  optical  density. 

When  a  solution  containing  only  stilbazo  (in  the  absence  of  tungstate)  is  treated  in  this  manner  a  hardly 
visible  film  remains  at  the  interface,  apparently  being  a  small  amount  of  the  flotation  agent  in  stilbazo.  This 
film  dissolves  in  caustic  solution  wldi  a  faint  violet  color.  In  determining  the  amount  of  tungstate  the  intensity 
of  this  color  should  be  substracted,  as  a  "blank”  experiment  correction. 

Using  this  method,  we  processed  solutions  that  contained  various  concentrations  of  tungstate  and  constant 
concentrations  of  stilbazo  (1  •  10”^  mole/liter).  The  volume  of  each  mixture  after  adding  enough  hydrochloric 
acid  to  make  it  0,  IN  in  HCl  was  20  ml.  The  volume  of  the  final  alkaline  solution  was  50  ml  in  every  case.  The 
relationship  between  the  optical  density  of  the  alkaline  solutions  and  the  tungstate  concentration  in  the  original 
solutions  is  shown  in  Fig.  3.  The  values  given  for  log  Ij/I  include  the  "blank"  experiment  correction,  which 
under  the  described  conditions  is  0.06. 
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Fig.  3.  Relationship  between  the  optical  density 
of  alkaline  solutions  after  methanol -benzene 
treatment  and  the  concentration  of  tungstate  in 
the  original  solutions. 

Cuvette  10  mm. 
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Fig.  4.  Relationship  between  the  optical 
density  and  the  mole  ratio  NaF/Naj  WO4. 
[Na2W04]=  1.25-  10"‘*mole/llterjstll- 
bazo]  =  0.75  •  10”^  mole/ liter, pH  1. 
Cuvette  10  mrr 


From  Fig.  3  it  can  be  seen  that  the  change  in  the 
optical  density  of  the  alkaline  solutions  is  proportional  to 
the  amount  of  tungstate  in  the  original  solutions.  The 
last  two  points  do  not  fall  on  a  straight  line  because  of 
an  insufficient  excess  of  stilbazo  to  tie  up  all  of  the  tung¬ 
state  in  the  corresponding  original  solutions. 

The  discussed  action  of  organic  solvents  serves  as 
evidence  that  aqueous  solutions  of  the  stilbazo-tungstate 
compound  possess  a  colloidal  character. 

EFFECT  OF  VARIOUS  COMPOUNDS 

Phosphoric  acid.  Phosphate  Ions  even  in  low  con¬ 
centration  prevent  reaction  between  sodium  tungstate 
and  stilbazo.  Absolutely  no  stilbazo-tungstate  compound 
is  formed  even  with  a  4-fold  excess  of  phosphoric  acid  on 
the  tungstate  concentration  (1.25  •  10  mole/liter). 

With  equivalent  concentrations  of  sodium  tungstate  and 
phosphoric  acid  .the  optical  density  of  the  solutions  is 
approximately  25%  less  than  in  the  absence  of  phosphoric 
acid. 


Sodium  fluoride.  The  effect  of  adding  sodium 
fluoride  on  the  optical  density  of  solutions  containing 
tungstate,  stilbazo  and  0. 1  N  hydrochloric  acid  Is  shown 
In  Fig.  4.  The  hindering  action  of  sodium  fluoride  on 
reaction  between  tungstate  and  stilbazo  becomes  notice¬ 
able  when  the  sodium  fluoride  concentration  Is  several 
times  that  of  the  tungstate. 

Sodium  chloride,  sulfate  and  nitrate  and  ammonium 
chloride.  At  concentrations  not  exceeding  0.01-0.02  N  , 
the  indicated  salts  fail  to  either  hinder  reaction  between 
tungstate  and  stilbazo  or  affect  the  optical  density.  Con¬ 
centrations  of  0.  IN  and  higher  lead  to  the  formation  of 
precipitates  that  are  colored  either  blue  or  violet  or 
even  brown  (in  the  case  of  NaN05).The  effect  of  sodiujn 
chloride  was  studied  in  more  detail.  Here  a  precipitate 
appears  even  at  a  pH  of  2  to  3,  whereas  In  the  absence  of 
the  salt  the  blue-stilbazo-tungstate  compound  is  either 


•  The  optical  density  of  alkaline  stilbazo  solutions  drops  rapidly.  The  optical  density  remains  constant  for  at 
least  a  day  if  hydroxylamine  hydrochloride  is  added. 


not  formed  or  Is  formed  with  difficulty.  Sodium  chloride  accelerates  reaction  between  tungstate  and  stilbazo; 
the  stilbazo-tungstate  compound  Is  completely  coagulated  within  \  "1  hour  after  mixing  the  reactants.  The 
solution  above  the  precipitate  becomes  colorless  due  to  the  coprecipitation  of  excess  stilbazo  with  the  stilbazo- 
tungstate  compound.  Treatment  with  methanol  and  benzene,  as  described  above,  revealed  that  even  with  a  IN 
concentration  of  NaCl  the  stilbazo-tungstate  compound  separates  completely  from  the  excess  stilbazo,  and  the 
optical  density  of  the  final  alkaline  solutions  Is  directly  proportional  to  the  tungstate  concentration  In  the  original 
solutions. 

Sodium  molybdate.  Stilbazo  reacts  with  sodium  molybdate  In  a  broader  acid  range  than  it  does  with 
sodium  tungstate;  here  either  colored  solutions  or  precipitates  are  formed.  Consequently,  sodium  molybdate 
masks  the  reaction  between  stilbazo  and  tungstate.  However,  If  the  molybdate  concentration  does  not  exceed 
the  tungstate  concentration,  the  masking  action  of  the  molybdate  can  be  eliminated  by  the  methanol -benzene 
treatment.  Under  these  conditions  the  optical  density  of  the  final  alkaline  solutions  is  the  same  as  in  the  absence 
of  molybdate. 

Stannous  and  stannic  chlorides.  The  tin  chlorides  react  with  stilbazo  In  weakly  acid  and  acid  solutions. 

The  mixing  of  stilbazo  solutions  with  more  concentrated  acid  solutions  of  stannous  chloride  yields  blue  precipi¬ 
tates,  which  then  In  a  matter  of  several  minutes  go  into  solution.  The  blue  color  of  the  resulting  solutions 
gradually  changes  to  a  pink,  and  then  the  solutions  become  colorless. 

The  precipitates  obtained  when  solutions  of  stilbazo  and  stannic  chloride  are  mixed  go  Into  solution  when 
methanol  is  added.  The  solutions  assume  a  transitory  lilac  (pink  with  a  violet  tinge)  color.  When  mixed  solu¬ 
tions  of  stilbazo,  tungstate  and  either  stannic  or  stannous  salt  of  variable  component  concentration  are  given  the 
methanol -benzene  treatment,  the  optical  density  of  the  final  alkaline  solutions  Is  noticeably  less  than  In  the 
absence  of  tin  salt.  Consequently,  tin  salts  hinder  reaction  between  stilbazo  and  tungstate 

Nickel  chloride.  Nickel  chloride  does  not  react  with  stilbazo  in  neutral  and  acid  solutions.  The  color 
communicated  to  an  acid  solution  by  the  nickel  salt  at  a  concenuratlon  of  10"’-  10"^  mole/liter  Is  Insignificant 
when  compared  with  the  color  Intensity  of  a  solution  of  the  stilbazo-tungstate  compound  at  a  tungstate  concen¬ 
tration  of  the  order  of  10"^  mole/ liter.  The  optical  density  of  the  final  alkaline  solutions  after  a  methanol - 
benzene  treatment  of  acid  solutions,  containing  stilbazo,  tungstate  and  a  200 -fold  excess  of  nickel  chloride.  Is 
the  same  as  in  the  absence  of  the  nickel  salt,  while  with  a  500-fold  excess  it  is  less  by  approximately  20%, 

Boric  acid,  sodium  tetraborate  and  sodium  fluoborate.  Precipitates  of  the  stilbazo-tungstate  compound 
deposit  from  0.  IM  sodium  fluoborate  solutions  and  from  saturated  sodium  tetraborate  or  boric  acid  solutions. 

The  optical  density  of  the  final  alkaline  solutions  after  the  methanol -benzene  treatment  is  the  same  as  In  the 
absence  of  these  compounds.  However,  the  addition  of  either  boric  acid  or  sodium  tetraborate  to  solutions  con¬ 
taining,  besides  stilbazo  and  tungstate,  also  sodium  fluoride,  does  not  completely  eliminate  the  masking  effect 
of  the  latter, 

SUMMARY 

1.  The  action  of  some  organic  solvents  on  the  solutions  and  precipitates  of  both  stilbazo  and  the  blue 
stilbazo-tungstate  compound  was  investigated. 

2.  It  was  shown  that  using  methanol  or  methanol  together  with  benzene  makes  it  possible  to  separate  the 
stilbazo-tungstate  compound  from  excess  stilbazo  in  acid  solutions. 

3.  Phosphoric  acid,  sodium  fluoride,  sodium  molybdate  and  tin  salts  interfere  in  the  reaction  between 
sodium  tungstate  and  stilbazo;  nickel  chloride,  boric  acid,  sodium  tetraborate  and  sodium  fluoborate  do  not 
interfere. 

Alkali  metal  salts  at  concentrations  above  0.01-0.02  N  accelerate  both  reaction  between  sodium  tungstate 
and  stilbazo  and  coagulation  of  the  stilbazo-tungstate  compound. 

4.  The  use  of  methanol  alone  or  of  methanol  together  with  benzene  makes  It  possible  to  determine  up 
to  5-10  micrograms  of  tungsten  In  10-15  ml  of  solution.  In  this  connection  neither  sodium  molybdate  in  con¬ 
centrations  below  the  tungstate  concentration  nor  high  concentrations  of  alkali  metal  salts  Interfere. 
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REACTION  OF  CYCLOPROPANE  HYDROCARBONS  WITH  MERCURIC  SALTS 
DC.  y-MERCURATED  ALCOHOLS  AND  THEIR  ETHERS  FROM  ARYLCYCLOPROPANES 

R.  Ya.  Levina,  V.  N.  Kostin  and  K.  S.  Shanazarov 
Moscow  State  University 


The  opening  of  the  three-membered  ring  in  phenylcyclopropane  using  mercuric  acetate  was  described  in 
one  of  our  earlier  communications  [1].  In  this  paper  we  studied  the  action  of  mercuric  acetate  in  aqueous  and 
methanol  solutions  on  arylcyclopropanes  containing  either  a  methyl  or  a  methoxy  group  in  the  para-position  of 
the  benzene  ring. 

It  was  established  that  reaction  here  proceeds  under  the  same  conditions  as  In  the  case  of  phenylcyclo¬ 
propane,  I.e.  by  shaking  the  reaction  mixture  In  the  cold  for  many  hours.  The  addition  of  mercuric  acetate  In 
either  aqueous  or  methanol  solution  to  the  two  arylcyclopropanes  (p-anlsyl  and  p-tolylcyclopropane)  leads  to  the 
respective  formation  of  3-hydroxy-3-arylpropylmercurIc  acetates  and  3-methoxy-3-arylpropylmercurIc  acetates; 
when  reacted  with  various  potassium  salts  these  mercuric  acetates  were  converted  to  the  conespondlng  crystalline 
salts  of  y  -mercurated  alcohols  and  their  methyl  ethers. 


Ar- 


/X  Hg(OCOCH,>, 


JiPiL,.  ArCHCHoCHzHgOCOCHa  ^  ArCHGHaCHaHgX 


OH 


OH 


(I) 


ArCHClIoCiloMgOCOCHa  ^  ArCHGHgCHaHgX 


OGH, 


(II) 


OCH. 


(la) and  (iia):  Ar  =  p cii,oc,ii,:  (Ib)and(llb)  Ar  =  p-CHjO.Hi:  x  =ci,  Br,  I,  CN,  CNS. 


The  preparation  of  crystalline  organomercury  compounds  (not  described  In  the  literature)  may  serve  as  a 
way  of  identifying  both  p-anisyl-  and  p-tolylcyclopropane. 

Using  one  of  them  as  an  example  (3-hydroxy-3-p-anisylpropylmercuric  acetate),  the  structure  of  the  ob¬ 
tained  y -mercurated  secondary  alcohols  was  established  by  our  earlier  developed  method  [2],  namely,  by  heating 
with  zinc  dust.  This  reaction,  including  the  intermediate  symmetrization  stage  and  the  subsequent  thermal  de¬ 
composition  of  the  symmetrization  products,  leads  to  the  formation  of  a  secondary  alcohol  and  a  ketone,  both 
having  the  carbon  skeleton  of  the  original  organomercury  compound, 

ZCHjOCgH^CHOHCHjCHjHgOCOCH,  ^  -  [(CH,OC6H4CHOHCHjCHj)2  Hg] - - 

- -  [cHjOCbHhCHOHCHjCHj  +  CHjOCgH^CHCH^Hj]  +  Hg 

1  ' - -  1 

CHjOCgH^CHOHCHjCH,  +  CHjOCeH^COCHjCHj 
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The  thus-obtained  alcohol  and  ketone  were  identified  by  preparing  crystalline  derivatives,  the  3,5-dlnltro 
benzoate  in  the  case  of  the  alcoholand  the  2,4-dinitrophenylhydrazone  in  the  case  of  the  ketone. 


EXPERIMENTAL 

y-Mercurated  alcohols  and  their  methyl  ethers  from  p-anlsylcyclopropane.  p-Anisylcyclopropane  (25  g, 
b.p.223.5-224*  for  745  mm,  n^^®  1.5329,  d^^  1.0011,  MR^  45.95.  CjoHaOpjA.  Calculated  44.92,  EMp  1.03; 
obtained  by  the  decomposition  of  3-p-anisylpyrazoline  [3]  was  shaken  with  a  solution  of  54  g  of  mercuric 
acetate  in  400  ml  of  distilled  water  for  24  hours  at  room  temperature.  The  end  of  reaction  was  determined  by 
the  disappearance  of  the  upper  layer.  The  obtained  heavy  oil  was  separated,  and  then  combined  with  the  ether 
extracts  of  the  water  layer;  the  ether,  water  and  acetic  acid  were  vacuum  distilled,  while  the  residue  was  again 
dissolved  in  ether  and  the  solution  filtered.  After  several  hours  white  crystals  of  3-hydroxy-3-p-anIsyl-propyl- 
mercuric  acetate  (la)  deposited  from  the  filtrate. 

The  reaction  of  mercuric  acetate  (13  g)  with  p-anisylcyclopropane  (6  g)  in  methanol  solution  (200  ml  of 
anhydrous  methyl  alcohol)  was  run  under  the  same  conditions  At  reaction  end  (absence  of  mercuric  salt  in  the 
solution,  determined  by  testing  with  alkali)  the  methyl  alcohol  and  acetic  acid  were  vacuum  distilled;  the 
yield  of  3-methoxy  -3-p-anisylpropylmercuric  acetate  (Ila;  oil)  was  10  g  (55  %). 


TABLE  1 

Crystalline  Organomercury  Compounds  of  Structure  p-CH30C^4CHCH2CH2HgX 

OR 


1  ! 

Melting 

point 

field 
(in  %) 

1  Hg  (•/«) 

OR 

Name 

1 

found 

calcu¬ 

lated 

OH 

OGOGH3 

3.Hydroxy-3-p-anisylpropyl- 
mercuric  acetate 

112—113° 

15 

47.63,  47.41 

47.41 

OH 

G1 

3-Hydroxy-3-p-anisylpropyl- 
mercuric  cnloride 

75—76 

82 

49.57,  49.65 

49.90 

OH 

Ur 

3-Hydroxy-3-p-anisylpropyl- 
mercuric  bromide  • 

83-84 

IM) 

45.61,  45.12 

45.01 

OH 

I 

3-H)droxy-3-p-anisylpropy]  - 
mercuric  Iodide 

70.5-71 

85 

40.33,  40.54 

40.70 

OCH3 

G1 

3-Me  thox  y  -  3-p  -anisylpropyl  - 
mercuric  chloride  * 

74—75 

74 

48.20,  48.44 

48.31 

('GH3 

Hr 

3-Methoxy-3-p-anisylpropyl- 
mercuric  bromide  •  •  • 

71—71.5 

92 

44.11,  43.80 

43.62 

OGH3 

I 

3-Methoxy-3-p-anisylpropyl“ 
mercuric  iodide 

87—87.5 

72 

1 

— 

OGH3 

GN 

SMethox  y  -3  -p  -anisylpropyl  - 
mercuric  cyanide 

78.5-70 

86 

49.51,  49.73 

49.41 

OGH3 

GNS 

3 -Me  thoxy-3-p -anisylpropyl - 
mercuric  thiocyanate 

93.5-04 

89 

45.52,  46.15 

45.81 

•  Found  %:  C  26.84,  26.73;  H  3.20,  3.00.  CjoHiaOjBrHg.  Calculated  o/o:  C  26.94;  H  2.94. 

•  •Found  C  31.66,  31.75;  H  3.59;  3.57.  CaH^OjClHg.  Calculated  <7o:  C  31.74;  H  3.87. 

•  •  •Found  %;  C  28.50,  28.90;  H  3.38.  3.37.  CuHjsOjBrHg.  Calculated  C  28.73;  H  3.29. 

The  mercuric  acetates  (la)and  (Ila)  were  converted  in  conventional  manner  (reaction  with  postassium 
salts  in  aqueous  solution)  to  the  mercuric  halides,  mercuric  cyanides  and  mercuric  thiocyanates.  The  melting 
points  (after  recrystallization  from  petroleum  ether),  yields  and  analysis  data  for  the  crystalline  y  -mercurated 
alcohols  obtained  from  p-anisylcyclopropane,  as  well  as  for  their  methyl  ethers,  are  given  in  Table  1. 


When  the  first  member  in  the  series  of  obtained  y-mercurated  alcohols,  namely  3-hydroxy-3-p-anlsyl- 
propylmercurlc  acetate  (50  g).  was  warmed  with  zinc  dust  (16  gX  a  vigorous  reaction  set  in  and  the  thermal  de¬ 
composition  products  began  to  distil.  After  reaction  was  over  the  distillate  was  separated  from  a  small  amount 
of  mercury  and  redistilled.  The  fraction  with  b.p.  106-128*  (5  mm)  was  collected,  being  a  mixture  of  ethyl- 
p-anlsylcarblnol  (b.p.  138*  for  22  mm;  251*  for  760  mm  [4])  and  ethyl  p-anisyl  ketone  (b.p.  145-14T  for  14  mm 
[5);  136- 139^  for  12  mm  [6]);  yield  18  g  (~  90<7o).  That  these  two  reaction  products  were  present  in  the  105-128* 
fraction  was  established  by  preparing  the  3,5-dlnItrobenzoate  of  ethyl -p-anisylcarbinol  from  one  portion,  and 
the  2,4-dinitrophenylhydrazone  of  ethyl  p-anlsyl  ketone  from  a  second  portion.  Since  the  3,5-dinitrobenzoate 
derivative  was  obtained  as  an  oil,  it  was  converted  to  the  a-naphthylamine  derivative  (new  in  the  literature) 
with  m.p.  102-107  (after  recrystallization  from  ethyl  alcohol). 

Found  N  8.  05.  8. 27.  C27H25O7NJ.  Calculated  <^o  :  N  8. 15. 

Tlie  mixed  melting  point  with  the  a-naphthylamlne  derivative  of  the  3,5-dlnitrobenzoate  obtained  from 
authentic  ethyl -p-anlsylcarbinol  was  not  depressed. 

The  2,4-dInItrophenylhydrazone  had  m.p.  188-187  (new  in  the  literature). 

Found  N  16.70,  16.82.  Calculated-^  N  16.28. 

The  mixed  melting  point  with  the  2,4-dinitrophenylhydrazone  of  authentic  ethyl  p-anlsyl  ketone  was  not 
depressed. 

y-Mercurated  alcohols  and  their  methyl  ethers  from  p-tolylcyclopropane.  p-Tolylcyclopropane  (  6  g,  b.p, 
194-194.7  for  745  mm,  np”  1.5241,  d4^  0.9227,  43.82.  C10H12  fsA-  Calculated  43.29,  EMp  0.57; 

obtained  by  the  decomposition  of  3 -p-tolylpyr azoline  [3])  was  shaken  with  aqueous  mercuric  acetate  solution 
(14.5  g  in  150  ml  of  distilled  water)  for  12  hours  at  room  temperature.  The  reaction  in  methanol  solution  (200 
ml  of  anhydrous  methyl  alcohol)  was  run  with  the  same  amounts  of  reactants  and  under  the  same  conditions.  The 
Isolation  of  the  reaction  products,  3-hydroxy-3-p-tolylpropylmercurlc  acetate  (Ib)  and  3-methoxy-3-p-tolyl- 
propylmercuric  acetate  (Ilb)  —  and  their  conversion  to  the  corresponding  mercuric  halides,  mercuric  cyanides 
and  mercuric  thiocyanates  were  accomplished  as  described  above. 

The  organomercury  compounds  obtained  from  p-tolylcyclopropane  proved  for  the  most  part  to  be  noncrystal¬ 
lizing  oils;  the  melting  points  of  the  crystalline  salts  (after  recrystalllzatlon  from  petroleum  ether),  and  their 
yields  and  analysis  data  are  given  in  Table  2. 

TABLE  2 

Crystalline  Organomercury  Compounds  of  Structure  p-CH3C^^H  —  CH2CH2HgX 


OR 


OH 

Melting 

Hg  (7o) 

X 

Name 

point 

found  I 

calcu¬ 

lated 

1 

Oil 

OCOClIy 

:{-Hydroxy-3-p-tolylpropyl- 
mercuric  acetate 

68—69'' 

5i 

49.62,  49.49 

49.06 

OCII;, 

Cl 

o-Methoxy-3-p-tolylpropyl- 
mercuric  chloride 

71-72 

S'. 

.'■.().3'i,  50.25 

50.23 

OCll;, 

hr 

;t-Methoxy-3-p-tolylpropyl- 
mercuric  bromide 

73— 7'i 

1  1 

73 

45.9.5,  4.5..32 

45.20 

SUMMARY 

1.  The  reaction  of  mercuric  acetate  in  either  aqueous  or  methanol  solution  with  p-anisylcyclopropane  and 
p-tolylcyclopropane  results  In  the  cleavage  of  the  three -membered  ring  and  the  formation  of  y-mercurated  al¬ 
cohols  and  their  methyl  ethers,  and  specifically,  of  3-hydroxy-  and  3-methoxy-3-arylpropylmercuric  acetates. 


which  when  reacted  with  the  proper  potassium  salts  are  converted  to  the  corresponding  mercuric  halides,  mercuric 
cyanides  and  mercuric  thiocyanates. 

2.  The  structure  of  the  obtained  organomercury  compounds  was  established  on  the  basis  of  3-hydroxy-3- 
p-anlsylpropylmercurlc  acetate,  which  when  heated  with  zinc  dust  was  converted  to  ethyl -p-anisylcarblnol  and 
ethyl  p-anisyl  ketone. 

3.  The  preparation  of  crystalline  organomercury  compounds  can  serve  as  a  means  of  Identifying  p-anlsyl- 
cyclopropane  and  p-tolylcyclopropane. 

4.  The  following  crystalline  organomercury  compounds  are  new;  3-hydroxy-3-p-anIsylpropylmercurIc 
acetate  and  the  corresponding  chloride,  bromide  and  Iodide;  3“methoxy-3-p-anIsylpropylmercurIc  chloride  and 
the  corresponding  bromide.  Iodide,  cyanide  and  thiocyanate;  3-hydroxy-3-p-tolylpropylmercurIc  acetate;  3- 
methoxy-3-p-tolylpropylmercurIc  chloride  and  the  corresponding  bromide. 
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CYCLOPROPANES  AND  CYCLOBUTANES 


V.  ARYLCYCLOPROPANES  IN  ALKYLATION 

R.  Ya.  Levina.  Yu.  S.  Shabarov  and  I.  M.  Shanazarova 
Moscow  State  University 


Some  physical  and  chemical  properties  of  phenyl-,  p-tolyl-  and  p-anisylcyclopropane  were  described  In 
our  earlier  communications.  It  was  shown  that  the  three-membered  ring  In  these  arylcyclopropanes  Is  easily 
cleaved  when  the  cyclopropane  Is  treated  with  mercuric  acetate  In  either  aqueous  or  alcohol  solution  [1,2];  this 
reaction  emphasizes  the  similarity  in  the  chemical  behavior  of  styrene  derivatives  [3,  4]  and  arylcyclopropanes. 

A  similarity  of  the  three-membered  ring  in  arylcyclopropanes  to  the  double  bond  in  the  corresponding 
styrene  derivatives  also  appears  in  Its  ability  to  conjugate  with  the  the  aromatic  ring,  which  was  observed  even 
by  N.  M.  KIshner  [5]  (based  on  the  high  molecular-refraction  exaltation  shown  by  1,2-dIphenylcyclopropane ), 
and  which  was  established  by  us  [6]  In  studying  the  Raman  spectrum  of  phenylcyclopropane  (based  on  a  large  In¬ 
crease  In  the  Intensities  of  the  characteristic  frequencies  In  the  spectrum,  since  such  an  Increase  Is  usually 
peculiar  to  hydrocarbons  with  a  conjugated  system  of  double  bonds).  A  study  of  the  UV-absortlon  spectra  [6]  of 
phenyl-p-tolyl-  and  p-anisylcyclopropane  enabled  us  to  first  establish  that  conjugation  between  the  three-mem¬ 
bered  ring  and  the  aromatic  nucleus  Increases  when  either  a  methyl  group  or  a  methoxyl  group  Is  Introduced  Into 
the  aromatic  nucleus;  the  validity  of  such  a  rule  was  also  indicated  by  the  increase  in  the  molecular  refraction 
exaltation  when  going  from  phenylcyclopropane  to  p-tolyl-  or  p-anisylcyclopropane. 

In  this  paper  we  studied  the  behavior  of  phenylcyclopropane  In  the  alkylation  of  benzene,  toluene  and 
anlsole,  and  also  that  of  p-tolyl-  and  p-anisylcyclopropane  in  the  alkylation  of  benzene.  From  the  literature  on 
the  alkylation  of  aromatic  hydrocarbons  with  alkylcyclopropanes  [7-12]  It  follows  that  aluminum  chloride  does 
not  cause  a  previous  Isomerization  of  cyclopropanes  to  alkenes  [8,  12];  consequently,  this  catalyst  was  used  In 
the  present  study. 

The  alkylation  of  benzene  with  phenylcyclopropane*  gave  a  52  °Jo  yield  of  1,1-dlphenylpropane. 


Qlli  CoHs 

(;,iir,ii -[-cn-(’,ii.,  Qiij— CIICII2CII., 

Cll.^ 


(1) 


The  structure  of  this  alkylation  product  was  shown  by  its  counter  synthesis  —  by  the  reduction  of  1,1 -diphenyl 
1-propene  with  sodium  in  butyl  alcohol. 

-ii  (c„iir,).A',iicii.,<:ii.,  (2) 

•  It  would  seem  quite  possible  that  the  alkylation  goes  in  two  stages,  i.e.  that  the  arylcyclopropanes  are  first 
Isomerized  by  aluminum  chloride  to  arylpropenes  (propenylbenzenes),  which  then  react  further  In  the  alkylation. 
To  check  this  theory  we  examined  the  possibility  of  alkylating  benzene  with  propenylbenzene  under  the  adopted 
conditions  (in  the  presence  of  aluminum  chloride;  0-10*).  It  proved  that  the  propenylbenzene  suffered  complete 
polymerization  during  reaction.  Consequently,  the  theory  that  to  obtain  the  alkylation  product  of  benzene  neces¬ 
sitates  the  presence  of  propenylbenzene,  and  not  of  phenylcyclopropane,  was  refuted. 
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The  two  different  1, 1-dIphenylpropane  preparations,  having  the  same  constants,  were  Identified  by  prepar¬ 
ing  the  crystalline  monoacetyl  derivative  (the  mixed  melting  point  of  the  two  acetyl  derivatives  was  not  de¬ 
pressed). 


CgH.sv  aici,  P 

X'*lCII.2(’.ll3-f  CUnCUCI  — *  pCIICMaCHa 


Cfl»6 


Consequently,  it  was  established  that  the  alkylation  of  benzene  with  phenylcyclopropane  in  the  presence 
of  aluminum  chloride  leads  to  the  formation  of  1,1-dlphenylpropane,  in  the  same  manner  as  the  reaction  of 
benzene  with  styrene  under  similar  conditions  yields  1,1-diphenylethane  [13,  14]. 

The  lowest  yield  of  alkylation  product,  of  1,1-dlarylpropane,  was  obtained  in  the  case  of  alkylating  ben¬ 
zene  with  phenylcyclopropane  (52<7o  yield),  which  increased  on  going  to  toluene  (61.5*70)  and  anisole  (72.5%), 
this  being  due  to  the  greater  mobility  of  the  hydrogen  atoms  (in  the  para  position)  in  toluene  and  anisole. 


p-XCfilMI 


-f  (fn— Clio 

\/ 

on.. 


On  1 1 


0"5 


p-xc8H4-CHcnoCH3 

X=ch3  and  CHjO. 


(3) 


In  alkylating  toluene  and  anisole  the  substitution  could  be  in  either  the  para  or  the  ortho  position;  it  was 
shown  by  counter  synthesis  that  the  alkylation  products  are  respectively  1-phenyl -1-p-tolylpropane  and  1-phenyl 
1-p-anisylpropane,  In  the  counter  synthesis  of  these  compounds  we  used  a  method  that  excluded  any  doubt  as 
to  the  position  of  the  substituents  (CH3  or  CH3O  group),  namely  the  alkylation  of  benzene  with  p-tolyl-  and 
p-anlsylcyclopropane. 


p-XC„H4  P-XC„H4 

C„llr,ll  -I- CM— CII.,  C8ll5-CIICII.,CII.,  (4) 

\/  ' 

CM. 2 

where  x  =  CH,  and  CH3O. 

The  diarylpropanes,  obtained  according  to  equations  (3)  and  (4),  were  characterized  by  preparing  the 
crystalline  monoacetyl  derivatives.  The  Identity  of  the  corresponding  monoacetyl  derivatives  was  established  by 
their  same  melting  point  and  by  the  absence  of  a  mixed  melting-point  depression.  Consequently,  it  was  establish¬ 
ed  that  toluene  and  anisole  are  alkylated  by  arylcyclopropanes  (equation  3)  only  in  the  para  position. 

The  alkylation  of  benzene  with  either  p-tolyl  or  p-anisyl-cyclopropane  (equation  4)  does  not  go  as  smooth¬ 
ly  as  when  phenylcyclopropane  is  used.  The  yield  of  1,1-dIarylpropane  is  34%  when  alkylation  Is  with  p-tolyl- 
cyclopropane,  and  only  5. 5%  when  the  alkylation  is  with  p-anisylcyclopropane;  the  reduced  yield  here  was  due 
to  the  polymerization  of  the  arylcyclopropanes  by  the  aluminum  chloride.  The  tendency  of  arylcyclopropanes 
to  polymerize,  already  quite  noticeable  when  p-tolylcyclopropane  Is  used  and  predominating  in  the  case  of 
p-anisylcyclopropane,  is  apparently  due  to  the  influence  of  the  nucleophilic  substituents  (CH3,  CH3O)  found  in 
the  benzene  ring. 


EXPERIMENTAL 

The  starting  arylcyclopropanes  were  obtained  by  the  Kizhner  method,  i.e.  by  the  decomposition  of  the 
corresponding  pyrazollne  bases,  and  were  freed  of  isomeric  arylpropenes  by  treatment  with  potassium  perman¬ 
ganate  [6].  After  distillation  through  a  column  (40  theoretical  plates)  the  arylcyclopropanes  had  the  following 
constants; 
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Phenylcyclopropane  -  b.p.  172.5-175f  (745  mm),  1.5336,  0.9420,  MRp  38.98.  C,HjopjA. 

Calculated  38.67,  EMq  0.31. 

p-Tolylcyclopropane  -  b.p.  194-194.5'  (745  mm),  tip*®  1.5241,  d^*®  0.9227,  MRp  43.82.  CjoHufsA. 

Calculated  43.29,  EMp  0.53. 

p-AnIsylcyclopropane  —  b.p.  223.5-224’  (747  mm),  n^*®  1.5319.  d4*®  1.0018,  MR^j  45.82.  CioHyO  pj^. 

Calculated  44.92,  EM^  0.90. 

Alkylation  of  benzene  with  phenylcyclopropane  in  the  presence  of  aluminum  chloride.  Phenylcyclopropane 
(36.5  g;  0.3  mole)  was  added  very  slowly  in  drops  to  a  mixture  of  78  g  (1  mole)  of  benzene  and  12  g  (0.09  mole) 
of  aluminum  chloride  with  stirring  and  cooling  (the  temperature  was  maintained  at  O-IO*).  Then  the  reaction 
mixture  was  stirred  for  5  hours  at  room  temperature,  and  the  next  day  it  was  treated  with  water.  The  benzene 
layer  was  combined  with  the  benzene  extracts  of  the  water  layer  and  the  whole  then  washed  successively  with 
2N  hydrochloric  acid,  water,  soda  and  again  with  water,  and  finally  it  was  dried  over  calcium  chloride.  The 
residue  after  distilling  off  the  benzene  was  vacuum-distilled.  The  yield  of  1,1-diphenylpropane  was  30  g  (52%). 

B.p.  13y  (10  mm),  iip*®  1.5645,  d^*®  0.9873,  MRp  64.71.  C^Hj^pg.  Calculated  64.27,  EMp  0.44. 

Found  %:  C  91.60,  91.61;  H  8.36,  8.30  C^Hig.  Calculated  %:  C  91.83;  H  8.17. 

Literature  [15]  :  b.p.  139’  (11  mm),  n^*®  1.5657,  d4^®  0.9919,  MRp  64.53. 

Counter  syndiesis  of  L  1-diphenylpropane.  Thirty  grams  of  sodium  metal  (one  piece)  was  added  to  a 
solution  of  34  g  of  1,1-diphenyl-l-propene  (obtained  by  the  dehydration  of  ethyldiphenylpropane  with  potassium 
bisulfaie;  m.p.  51-5?;  according  to  [15],  m  p.  5?)  in  470  ml  of  anhydrous  butyl  alcohol,  and  then  the  flask 
was  immediately  placed  in  an  oil  bath  previously  heated  to  180".  When  reaction  was  ended, the  reaction  mixture 
was  treated  with  water.  The  solution  of  diphenylpropane  in  butyl  alcohol  was  separated  and  dried;  the  residue 
after  distilling  off  the  butyl  alcohol  was  vacuum -distilled.  The  yield  of  1,1-diphenylpropane  was  24  g  (74%). 

B.p.  IBh-lBff  (7  mm),  nj)*®  1.5640,  d4*®  0.9864.  MR^^  64.72.  CijHigpg  Calculated  64.27,  EMp  0.45. 

Acetyl  derivatives  from  the  two  1,1-diphenylpropane  preparations.  To  a  solution  of  6  6  g  (0.05  mole)  of 
aluminum  chloride  in  50  ml  of  dry  carbon  tetrachoride  was  first  added  3. 9  g  (0.05  mole)  of  acetyl  chloride,  and 
then  9.8  g  (0.05  mole)  of  diphenylpropane  in  15  ml  of  carbon  tetrachloride  (the  reaction  was  run  with  constant 
stirring;  the  temperature  of  the  reaction  mixture  was  maintained  at  about  ?).  After  4  hours  the  mixture  was 
treated  in  succession  with  2N  hydrochloric  acid,  soda  solution,  and  water  The  residue  after  distilling  off  the 
carbon  tetrachloride  was  vacuum-distilled.  The  1-phenyl-l-p-acetophenylpropane  (new  in  the  literature)  ob¬ 
tained  from  each  1,1-diphenylpropane  specimen  (in  42%  yield)  had  the  same  m.p.  of  75-7T;  the  mixed  melting 
point  of  the  two  preparations  was  not  depressed 

Found  %:  C  85.51,  85.51;  H  7.52,  7.68.  CnHigO.  Calculated  %:  C  85.71;  H  7.56. 

Alkylation  of  toluene  with  phenylcyclopropane  in  the  presence  of  aluminum  chloride.  The  reaction  was 
run  in  the  same  manner  as  described  for  the  alkylation  of  benzene  with  phenylcyclopropane  and  led  to  obtaining 
1-phenyl -1-p-tolylpropane  in  61.5%  yield  (the  compound  is  new). 

B.p.  146“  (7  mm),  no®*  1.5589,  d4*®  0.9773,  MR^  69.47.  CjgHjgpg.  Calculated  68.88, EMq  0.59. 

Found  %:C  91.33,  91.35;  H  8.78,  8.80.  CigHig.  Calculated  %t  C  91.42;  H  8.58. 

The  product  obtained  by  the  monoacylation  of  1-phenyl-l-p-tolylpropane  with  acetyl  chloride  In  the 
presence  of  aluminum  chloride  had  m.p.  64-65’  (the  compound  is  new). 

Found  %t  C  85.72,  85.34;  H  7.77,  7.71.  CigHjnO.  Calculated  %;  C  85.72;  H  7.93. 

Counter  synthesis  of  1-phenyl-l-p-tolylpropane.  The  alkylation  of  benzene  with  p-tolylcyclopropane  led 
to  obtaining  1-phenyl-l-p-tolylpropane  in  a  smaller  yield  (34%),  having  exactly  the  same  constants  as  the 
product  described  above. 

B.p.  145-14(r  (7  mm),  n^^®  1.5588,  d4^®  0.9782,  MRq  69.39.  CigHu  pg.  Calculated  68.88,  EM^  0.51. 

The  monoacetyl  derivative  obtained  from  this  1-phenyl-l-p-iolylpropane  specimen  also  had  m.p.  64-65; 
the  mixed  melting  point  of  the  two  specimens  of  this  derivative  was  not  depressed. 


Alkylation  of  anlsole  with  phenylcyclopropane  in  the  presence  of  aluminum  chloride.  The  alkylation  pro¬ 
duct  obtained  here  was  1-phenyl-l-p-anisylpropane  (72.5% yield;  new  in  the  literature). 

B.p.  168*  (7  mm),  no”  1.5662,  d^*®  1.0357,  MRp  71.29.  CigHaOpfr  Calculated  70.53.  0.76. 

Found  %  C  85.20,  85.36;  H  8.19,  8.20.  CigHjgO.  Calculated  %  C  84.95;  H  7.97. 

The  monoacetyl  derivative  (also  new  in  the  literature)  had  m.p.  66-6T. 

Found  %:  C  80.98,  80.90,  H  7.78,  7.74.  C^HaOj.  Calculated  %:  C  80.60;  H  7.46. 

Counter  synthesis  of  1  -phenyl - 1  -p -anisylpropane.  The  alkylation  of  benzene  with  p-anisylcyclopropane.havlng 
constants  close  to  those  of  the  product  described  above. 

B.p.  168*  (7  mm),  np“  1.5641,  d/®  1.0365,  71.13.  CjeHigOpg.  Calculated  70.53,  EMp  0.60. 

The  monoacetyl  derivative  had  m.p.  66-6T;  the  mixed  melting  point  of  the  two  preparations  was  not  de¬ 
pressed. 

Attempted  alkylation  of  benzene  with  propenylbenzene  in  the  presence  of  aluminum  chloride.  Propenyl - 
benzene  (b.p.  175-175.5“  for  747  mm,  n^^®  1. 5480,  d4^®  0. 9122;accordIng  to  [16]:  b.p.  174.5-175.ff,  njj*®  1.5475, 
d4*®  0.9125)  was  reacted  with  benzene  in  the  presence  of  aluminum  chloride  under  the  same  conditions  as  were 
used  to  alkylate  benzene  with  phenylcyclopropane  (at  0-10");  here  the  propenylbenzene  polymerized  completely 
and  an  alkylation  product  could  not  be  isolated. 

SUMMARY 

1.  We  were  the  first  to  study  the  alkylation  of  the  aromatic  ring  with  arylcyclopropanes.  It  was  found  that 
the  alkylation  of  benzene,  toluene  and  anisole  with  phenylcyclopropane  in  the  presence  of  aluminum  chloride 
leads  to  cleavage  of  the  three -membered  ring  and  the  formation  of  1 -phenyl -1-arylpropanes  (In  a  yield  of  52,  61.5 
and  72.5%,  respectively). 

2.  It  was  shown  that  toluene  and  anisole  are  alkylated  by  phenylcyclopropane  in  the  para  position. 

3.  It  was  established  that  the  alkylation  of  benzene  with  p-tolylcyclopropane  and  p-anisylcyclopropane 
proceeds  less  smoothly  (the  yields  of  the  corresponding  1,1-dIphenylarylpropanes  are  34  and  5.5%,  respectively) 
than  In  the  case  of  phenylcyclopropane,  since  p-tolylcyclopropane,  and  especially  p-anlsylcyclopropane,  suffer 
substantial  polymerization  in  the  presence  of  aluminum  chloride. 
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SYNTHESIS  OF  0^4  -  C,o  A  L  K  Y  LB  E  N  Z  E  N  E  S  BY  G  RIG  N  A  RD  -  W  U  RT  Z 
REACTION  IN  ETHER-FREE  MEDIUM 

A.  D.  Petrov,  E.  P.  Zakharov  and  T.  L.  Krasnova 
D.  I.  Mendeleev  Institute  of  Chemical  Technology  (Moscow) 

In  a  previous  study  [1]  it  was  established  that  if  the  Grignard-Wurtz  reaction  between  certain  arylmagnesium 
halides  and  tertiary  alkyl  chlorides  is  run  In  n -heptane  at  30 -3^  the  yield  of  normal  condensation  products— 
alkylbenzenes—  is  increased  several  times  when  compared  to  the  yield  obtained  when  the  same  reaction  is  run 
in  ether  medium.  In  this  paper,  utilizing  the  abovexlescribed  method,  we  reacted  benzylmagnesium  chloride 
with  a  number  of  branched -chain  tertiary  chlorides  and  obtained  the  following  hydrocarbons. 


The  fact  that  comparatively  high  yields*  of  alkylbenzenes  were  obtained  by  us  Is  evidence  that  the  second¬ 
ary  reaction  —  dehydrochlorination  of  the  branched -chain  tertiary  chloride,  usually  accompanying  the  Grignard- 
Wurtz  reaction  and  reducing  the  yield  of  normal  condensation  product  —  Is  suppressed  to  a  large  degree  here.  All 
of  the  reactions  were  run  at  uniform  temperatures,  not  exceeding  35°. 

We  used  a  number  of  chlorides  (7  of  8  run)  with  a  regular  change  In  structure  (IX)  for  the  condensation  with 
benzylmagnesium  chloride. 

•  A.  Bygden  [2],  who  reacted  CgH5CH2MgCl  with  tert-C4H9Br  In  ether,  obtained  about  a  40  <70  yield  of  2-methyl- 
2-benzylpropane. 


49 


CHa 

I 

Clla— CH— C1I>.— CCI,  where  R  =  CH„  c,H„  iso-c,H„n  -c,H„ 

I  (  Iso-c,H„n -c,ii„  cii.c.H,. 

CHa  R 

■(  IX) 

The  highest  yield  (63%)  was  obtained  using  4-chloro-2,4-dImethylheptane  (R=  n-CjHi).  It  Is  Interesting 
to  mention  that  in  some  recent  studies  by  one  of  us  and  co*workersf3,  4]  on  the  condensation  of  tertiary  alkyl 
halides  with  allyl-  and  methallylmagnesium  chlorides 


CH.,  CHa 

I  I  — McCI. 

(CH  —C— (',114:1)  -1-  Mg  ci— c— C— CHg  - l-alkene 

■  I  ■  II 

Cl  la  H  Glia 

where  R  =  (^Hs.  C,iu,n"  iso  Cili,,  iso  (-''Hu 

the  maximum  yields  of  hydrocarbons  were  obtained  where  R  =  n-CjHy  and  iso-C4H9. 

TABLE  1 


Name  of 
hydroc arbor 

1 

Bolling 

point® 

X  pressure 
‘in  mm) 

i 

1 

] 

1 

1  Found 

m _ 

Empirical 

Calculated 

(%) 

found 

1 

calcu¬ 
lated  • 

j 

C 

It 

formula 

c 

H 

2-Methyl- 

2-benzyl- 

nexane 

11  !«'((>) 

1.4911 

0.8717 

63.14 

6.3.40 

88.52 

11.67 

88.42 

11.58 

2,4-Dimeth¬ 
yl -2- benzyl- 
pentane 

SO  (0..5) 

1 .49:10 

0.8700 

63.1:1 

63.44 

88.36 

11.61 

C,4H.m 

88.42 

11. .58 

3,5-Dimeth- 
yl- 3- benzyl-' 
nexane 

97  (0.5) 

1.49.59 

0.8888 

67.62 

67. 8:1 

88.62 

11.45 

C,5H,4* 

88.16 

11.84 

2. 3.5-Tri¬ 
methyl -3- 
benzyl- 
hexane 

107-108.5 

(i.r.) 

1..'’.(i:i'i 

O.S93:i 

72.12 

72.26 

88.30 

11.62 

88.(K) 

12.00 

^4-Dimeth¬ 
yl -4-benzyl- 
heptane 

iii.5(:i) 

1.4970 

0.8811 

72.52 

72.47 

87.76 

11.76 

88.00 

12.(K» 

2.4.6-Trl- 

methyl-4- 

benzylhep- 

tane 

1 3:1—135 

1..5005 

0.8868 

76.93 

77.15 

88.11 

11.74 

Ci7lL.>8 

87.86 

12.14 

2, 4-Dime  th’ 
yl-4-benzyl- 
octane 

•  150.5- 
151.5(6) 

1.4989 

0.8833 

•77.24 

77.12 

88.06 

11.85 

C17H2S 

87.86 

12.14 

2-Methyl- 
4,-4-dlben- 
zyl  pentene 

178-180 

(7) 

1 

1.5447 

0 

':o 

i 

87.67 

87.60 

90.48 

9.75 

( ,_>()  1 1 

90.15 

i 

9.85 

•By  the  V.  M.  Tatevskii  method  [  18]. 


The  results  obtained  by  us  permit  making  some  conclusions  relative  to  the  relationship  between  the  struc¬ 
ture  of  the  starting  compounds  and  the  yield  of  reaction  product  —  the  corresponding  alkylbenzene.  First  of  all, it 
should  be  mentioned  that  a  monotonic  increase  or  decrease  in  the  yields  of  alkylbenzenes  with  a  regular  change 
in  one  of  the  radicals  of  the  tertiary  chloride  in  the  series  CHs,  C2H5,  iso.-CaH^,  n-C4H9,  etc.  is  absent  (which 
might  be  expected  if  the  remainder  of  the  molecule  was  kept  constant).  As  is  known,  the  induction  effect  of  the 
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alkyl  group  increases  in  the  indicated  series,  which  should  facilitate  condensation.  On  the  other  hand,  both  the 
molecular  weight  and  the  degree  of  branching  of  the  radicals  increase  in  the  indicated  series,  and  this  increase 
in  the  steric  hindrance  causes  a  reduction  in  the  yield  of  hydrocarbons  in  the  Grignard-Wurtz  reaction.  Conse¬ 
quently,  the  variation  in  the  yields  obtained  by  us  must  be  attributed  to  the  simultaneous  Influence  exerted  by  at 
least  the  two  mentioned  factors.  Together  with  this,  a  regular  alternation  in  the  yields  of  hydrocarbons  in  the 
series  (II,  III,  V,  VII)  (Jl=  CHj,  CjHs,  n-CsHy,  n-C4H9)  lends  support  to  the  theory  that  in  the  present  case  we  have 
an  alternate  increase  and  decrease  in  the  reactivity  of  the  tertiary  chlorides  in  this  series  that  is  independent  of 
the  influence  exerted  by  the  above -discussed  factors.  Such  an  alternation  in  the  properties  of  the  halides  Is  ap¬ 
parently  linked  with  the  presence  or  absence  of  conjugation  between  the  C-Cl  and  C“H  bonds  (0,0 -conjuga¬ 
tion)  In  the  halide  molecule.  As  we  had  shown  earlier  [4],  when  such  conjugation  Is  present  the  reactivity  of 
saturated  alkyl  halides  approaches  that  of  halides  with  a,  n  -conjugation. 

EXPERIMENTAL 

2-Methyl -2 -benzylhexane  (I).  An  ether  solution  of  157  g  of  acetone  was  added  to  the  Grlgnard  reagent 
prepared  from  80.5  g  of  magnesium  and  411  g  of  butyl  bromide  in  2  liters  of  absolute  ether.  After  the  convention¬ 
al  workup  we  obtained  220  g  of  2-methyl -2-hexanol. 

B.p.  60-61*  (35mm),  njj“  1.4170,  d4“  0.8153.  From  [5]  :  b.p.  139.4-140*  for  735  mm,  np®  1.4175, 

d4®  0.8119. 

The  alcohol  was  treated  with  dry  HCl  at  0*  (all  of  the  other  chlorides  were  obtained  In  a  similar  manner). 
We  obtained  226  g  of  2-chloro-2-methylhexane; 

B.p.  59.5*  (52  mm),  n^^®  1.4200,  d4®  0.8635,  MRp  39.46;  calc.  39.39.  From  [6):  B.p.  76.2-76.^ 

(103  mm),  Op®  1.4185. 

An  ether  solution  of  benzylmagnesium  chloride  (from  80  g  of  magnesium  and  157  g  of  benzyl  chloride ) 
was  filtered  under  nitrogen  into  a  three -necked  flask,  fitted  with  stirrer,  dropping  funnel  and  reflux  condenser. 

The  ether  was  distilled  off  at  atmospheric  pressure,  and  the  residue  was  treated  with  500  ml  of  dry  n-heptane. 

A  solution  of  135  g  of  2-chloro-2-methylhexane  in  150  ml  of  heptane  was  added  in  6  hours,  with  vigorous 
stirring,  to  the  obtained  suspension.  The  temperature  in  the  flask  was  kept  below  31?  by  external  cooling  of  the 
flask.  Then  the  reaction  mixture  was  stirred  for  another  8  hours,  after  which  it  was  decomposed  with  5%  hydro¬ 
chloric  acid  solution.  The  solvent  was  distilled  off,  and  the  residue  was  distilled  twice  from  sodium.  We  ob¬ 
tained  69  g  (27.5%)  of  2-methyl-2-benzyl  -2-benzylhexane.  The  properties  of  all  of  the  alkylbenzenes  syn¬ 
thesized  by  us  are  given  in  Table  1. 

2.4- Dlmethyl-2-benzylpentane  (II).  The  reaction  of  methylmagneslum  bromide  with  methyl  Isobutyl 
ketone  gave  a  77%  yield  of  2,4-dimethyl -2-pentanol. 

B.p.  59.5*  (42.5  mm),  Op®  1.4170,  d4®  0.8119.  From  [7]:  b.p.133’  (749  mm),  np®  1.4172,  d4®0.8158. 

The  hydrochlorination  of  the  alcohol  gave  2-chloro-2,4-dimethylpentane: 

B.p.  46*  (44  mm),  np®  1.4182,  d4®  0.8628,  MRp  39.32;calc.  39. 39. From  [8];  B.p.  33-3^  (20  mm), 

np“  1.4239. 

The  chloride  (101  g)  was  reacted  with  the  Grlgnard  reagent,  prepared  from  60.8  g  of  magnesium  and 
167.1  g  of  benzyl  chloride,  under  conditions  similar  to  those  given  above.  We  obtained  84  g  (59%)  of  2,4-di- 
methyl-2-benzylpentane. 

3.5- Dimethyl-3-benzylhexane  (III).  The  Grlgnard  reaction  of  76  g  of  magnesium,  468  g  of  ethyl  Iodide 
and  270  g  of  methyl  Isobutyl  ketone  gave  210  g  (59%)  of  3,5-dimethyl-3-hexanol. 

B.p.  sr  (14.5  mm),  np®  1.4264,  d4®  0.8261.  From  [9]:  b.p.  151*  (768)  mm,  np“  1.4286,  d“  0.830. 

The  alcohol  was  converted  to  3-chloro-3,5-dimethylhexane: 

B.p.  40.?  (13  mm),  Oj^®  1.4298,  d4®  0.8747,  MR^  43.88;  calc.  44.01. 

Using  the  conditions  described  above,  60.9  g  of  the  chloride  was  reacted  with  the  benzylmagnesium 
chloride  obtained  from  18.6  g  (45%)  of  3,5-dlmethyl-3-benzylhexane. 


2.3.5- Triinethyl-3-benzylhexane  (IV).  An  ether  solution  of  180  g  of  methyl  isobutyl  ketone  was  added  in 
2  hours  at  a  reaction  temperature  not  exceeding  -  30*  to  the  isopropylllthlum  obtained  from  31  g  of  lithium  and 
163  g  of  Isopropyl  chloride  in  ether  at  -  35°  f  10| Stirring  at  -30*  was  continued  for  another  1.5  hours,  after  which 
the  flask  contents  were  poured  on  Ice  (the  unreacted  lithium  was  first  removed  by  filtration).  The  ether  solution 
was  dried  over  anhydrous  Na2S04,  the  solvent  removed,  and  the  residue  fractionally  distilled  to  give  70.3  g  (29%) 
of  2,3,5-trImethyl-3-hexanol. 

B.p.  52-54’  (7  mm),  n^*®  1.4292.  d4*®  0.8312.  Fromfll]:  b.p.  45.3*  (3  mm),  np*®  1.4321. 

The  alcohol  was  converted  to  3-chloro-2.3.5-trlmethylhexane.  which  had; 

B.p.  55-55.?  (7  mm),  tip*®  1.4371.  d4*®  0.8794,  MR^  48.48;  calc.  48.63. 

The  reaction  of  48.5  g  of  3-chloro-2,3,5-trImethylhexane  with  benzylmagneslum  chloride  (from  12.5  g 
of  magnesium  and  45  g  of  benzyl  chloride  In  300  ml  of  heptane)  gave  17  g  (34%)  of  2,3,5-trImethyl-3-benzyl- 
hexane. 

2.4- Dimethyl-4-benzylheptane  (V).  2,4-DImethyl-4-pentanol  was  obtained  In  70%  yield  from  54  g  of 
magnesium,  246  g  of  propyl  bromide  and  180  g  of  methyl  isobutyl  ketone, 

B.p.  6r  (6  mm),  n^*®  1.4297,  d4*®  0.8242.  From  [12]:  B.p.  7?  (26  mm),  n^*®  1.4298,  d4*®  0.8254. 

The  alcohol  was  converted  to  4-chloro-2,4-dimethylheptane.  which  had: 

B.p.  6?  (13  mm),  np*®  1.4320,  d4*®  0.8672,  MRp  48.77;  calc.  48.63. 

The  Grignard  reaction  of  the  chloride  (59.6  g)  with  benzylmagneslum  chloride  (from  18.6  g  of  magnesium 
and  76  g  of  benzyl  chloride  In  300  ml  of  n -heptane)  gave  59.5  g  (63%)  of  2.4-dlmethyl-4-benzylheptane. 

2.4.6- Trlmethyl-4-benzylheptane  (VI).  Isobutyllithium  [  13]  was  obtained  In  65%  yield  from  15. 3  g  of 
lithium  and  92. 6  g  of  Isobutyl  chloride  in  Isopentane.  A  solution  of  75  g  of  methyl  Isobutyl  ketone  in  150  ml  of 
Isopentane  was  added  in  4  hours  to  the  boiling  solution  of  isobutyllithium.  After  removing  the  pieces  of  lithium, 
the  reaction  mixture  was  poured  on  ice.  After  the  usual  workup  and  fractionation  we  obtained  52  g  (43%)  of 

2,4  •6-trImethyl-4-pentanol: 

B.p.  94-9?  (25  mm),  njj*"  1.4319,  d4*®  0.8241.  From  [14]:  b.p.  180-182’  (753  mm).  np“  1.4334,  d*®0. 823. 

The  alcohol  was  shaken  with  an  equal  volume  (two  portions)  of  concentrated  hydrochloric  acid  at  5-10* 
for  2  hours.  After  drying  over  anhydrous  CaClj  the  hydrochlorination  product  was  blown  with  a  stream  of  dry 
nitrogen  for  4  hours  to  remove  excess  HCl,  and  then  It  was  fractionally  distilled  in  vacuo.  A  wide  fraction  was 
collected  for  further  synthesis. 

B.p.  55-6?  for  14.5  mm,  n^*®  1.4309-1.4366,  d/®  0.8605. 

Found  %  Cl  8.14.  CJ0H21CI.  Calculated  %  Cl  20.06;  amount  of  4-chloro-2,4 ,6-trImethylheptane  40.6% 

From  [3]:  the  hydrochlorination  of  methyldllsobutylcarbinol  with  dry  HCl  at  0*  yields  only  3%  of  the 
chloride,  while  at  7?  the  yield  of  the  chloride  is  10%,  b  p.  72-7?  (13  mm),  np*®  1,4355,  d/®  0.8677.  From 
[15]:  b.p.  82-8?  (25  mm),  np“  1,43336.  d4*®  0.8657. 

We  took  25.7  g  of  4-chloro-2.4,6-trImethylheptane(calculated  amount  of  100%  chloride)  to  react  with 
benzylmagneslum  chloride  (from  24.3  g  of  magnesium  and  90  g  of  benzyl  chloride  In  300  ml  of  n-heptane). 

The  reaction  product  contained,  besides  the  usual  impurities  of  toluene  and  olefin  (conesponding  to  the  tertiary 
chloride),  also  dibenzyl  with  m.p.  51.5-52’,  which  we  were  able  to  isolate  by  cooling  the  fraction  with  b.p. 
137-147*  (15  mm)  to  -5?.  After  purification  we  obtained  12  g  (35%)  of  2,4,6-trlmethyl-4-benzylheptane. 

2.4- Dimethyl -4-benzyloctane  (VII).  An  ether  solution  of  110  g  of  methyl  Isobutyl  ketone  was  added 
(with  cooling  of  the  reaction  flask  by  ice  water)  in  5  hours  to  a  solution  of  butyllithium  [16],  prepared  from  19  g 
of  lithium  and  180  g  of  butyl  bromide  in  ether.  After  the  usual  workup  we  isolated  110  g  (64%)  of  2,4-dimethyl- 
4-octanol,  b.p.  73.5-7?  (5  mm),  np*®  1.4325,  d/®  0.8227.  The  hydrochlorination  product  of  the  alcohol  (dry 
HCl  at  ? )  had: 

B.p.  82-8?  (7  mm),  np*®  1.4371,  d/®  0.8680. 

Found  %:  Cl  16.1.  Ci(,H2iCl.  Calculated  %:  Cl  20,06. 
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Name  of 
hydro  c  arbor 

Boiling  point 
(presstfie  in 
mm) 

bO 

•S* 

found 

(%) 

Empirical 

formula 

calculated 

1 

(O 

•  ^ 

N  >-> 

0)  c 

fll 

w  o 
iL,  a. 

d,’' 

c 

r 

II  ^ 

c 

11 

w  5) 

> 

,C  cd 

O  o 

2,2-Dimethy; 
1 -cyclohexyl 
pentane 

-  87'’  (3) 

-80° 

1.4.540 

0.8202 

85..57 

14.47 

C)4lF.2p 

85.0.3 

14.37 

3.30 

10370 

2,2.4-Tri- 
methyl-1- 
cyclonexyl  - 
pentane 

95  (5) 

-114 

1.4501 

0.8233 

85.00 

1 4.27 

^^14^28 

85.63 

14..37 

3.27 

10419 

2,4-Dlmethyl 
2-ethyl -l- 
cyclonexyl- 
pentane 

-  12H(8) 

—70 

l.'i041 

0.8445 

85.30 

14.48 

85.0.3 

14. .37 

5.35 

10416 

2,4-Dimethyl 

-2-isopropyl- 

1-cyclohexyl 

pentane. 

-  123(0)- 

-78 

1 .4038 

0.8438 

85.42 

14.50 

85.0.3 

14.37 

0.82 

10380 

2,4-Dimeth’' 
yl -2- propyl - 
l-cyciohexyl' 
pentane 

127(5) 

-83 

i 

1.4020 

0.8308 

85.83 

14.31 

85.03 

14.37 

.5.45 

10420 

2,4-Dimethyr 

2-isobutyl-l- 

cyclohexyl- 

pentane 

133-135 

(7.5) 

-82 

1.4001 

0.8.384 

85.9.3 

14.00 

r,i7ii34 

85.0.3 

14.37 

5.74 

10402 

2,4-Dimethyl 

2-butyl-l- 

cyclonexyl- 

pentane 

•113—114 

(1) 

-08 

1.4019 

0.8382 

8.5.54 

14.23 

('.,7  If;,.) 

85.<).3 

14.37 

9.10 

10320 

2-Methyl-2- 

isobutyr-1,3- 

dicyclohexyl- 

propane 

204 (12) 

-45 

1.4814 

1  0.8820 

1  80.0.3 

;  1.3.85 

'  ^'2nD;is 

80.25 

,  13.75 

47.50 

1 

10385 

•  All  of  the  hydrocarbons  congealed  as  glasses;  GOST  1533-42  was  used  to  determine  the 
freezing  points. 

•  ‘GOST  5080-55  was  used  to  determine  the  heat -generation  capacity  by  combustion 
in  a  calorimetric  bomb. 
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The  hydrochlorination  product  (121.7  g),  containing  80.2%  4-chloro-2,4-dimethyloctane,  was  reacted  with 
benzylmagnesium  chloride  (from  24.3  g  of  magnesium  and  96  g  of  benzyl  chloride  in  400  ml  of  heptane).  After 
freezing  out  the  dlbenzyl  we  obtained  40.2  g  (34%)of  2,4-dlmethyl-4-benzyloctane, 

2-Methyl-4,4-dlbenzylpentane.  2-Methyl -4-benzyl -4-pentanol  was  obtained  from  51  g  of  magnesium. 

253  g  of  benzyl  chloride  and  180  g  of  methyl  isobutyl  ketone  in  2  liters  of  ether. 

B.p.  93-94.5*  (1.5  mm),  n^*®  1.5054.  d/®  0.9435.  From  [17]:  yield  62%,  properties  not  given. 

The  hydrochlorination  product  (using  dry  HCl  at  0*)  decomposes  when  vacuum -distilled  (4  mm).  After 
a  second  treatment  with  hydrogen  chloride  for  5  hours,  followed  by  removal  of  excess  HCl,  the  product  was 
analyzed  for  its  chlorine  content. 

Found  %t  Cl  5.49.  Ci3Hj^l.  Calculated  %:  Cl  16.83. 

The  compound  (138  g)  (a  mixture  of  chloride  and  olefin),  containing  33%  4-chloro-2-methyl-4-benzyl- 
pentane,  was  reacted  with  the  Grlgnard  reagent  prepared  from  12  g  of  magnesium  and  44.5  g  of  benzyl  chloride 
in  300  ml  of  heptane.  After  purification  we  obtained  10  g  (18.8%)  of  2-methyl -4, 4-dlbenzylpentane. 

All  of  the  alkylbenzenes  were  hydrogenated  to  the  corresponding  alkylcyclohexanes  over  Ni  catalyst,  using 
a  hydrogen  pressure  of  120-150  atm  and  a  temperature  of  180-200*.  The  properties  of  the  hydrogenation  products 
are  listed  in  Table  2. 


SUMMARY 

1.  Eight  new  alkylbenzenes  were  synthesized  by  running  the  Grignard-Wurtz  reaction  in  heptane,  which  on 
hydrogenation  gave  the  corresponding  alkylcyclohexanes.  The  fact  that  the  alkylbenzenes  were  obtained  in  high 
yields  (up  to  67%)  supports  the  practicality  of  replacing  ether  by  a  hydrocarbon  solvent  in  the  second  stage  of  the 
reaction. 

2.  It  was  shown  that  the  yields  of  hydrocarbons  in  the  given  reaction  also  depend  to  a  large  degree  on 
whether  o,o -conjugation  of  the  C-Cl  and  C-H  bonds  in  the  original  alkyl  halide  is  present  or  absent,  this  being 
determined  by  the  structure  of  the  radical. 
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ELECTROREDUCTION  OF  PEPTIDES  OF  PROLINE  AND  OF 


DIA  LKYLAMIDES  OF  AMINO  ACIDS 


T.  I .  Orlova  and  N.  L  Gavrilov 


Moscow  State  University 


In  previous  papers  one  of  us  [1]  had  shown  that  dlketoplperazlnes  when  subjected  to  electroreduction  are 
converted  to  piperazines,  whereas  both  peptides  and  amino  acids  (except  cystine)  remain  unchanged  under  these 
conditions.  In  addition,  It  was  shown  that  the  dialkylamides  of  aromatic  acids  (I)  are  also  easily  reduced  by  an 
electric  current.  The  reduction  products  were  not  Investigated  by  the  authors. 

Peptides  of  prollne  (II),  In  which  the  imino  group  of  prollne  is  present  as  a  peptide  linkage,  may  be  re¬ 
garded  as  being  dialkylamides  of  amino  acids. 


II  /Hi 

H_C_N< 

\lL, 


II  CII2 

h-cii-c-n;  ■  I 

I  CH— CIL. 

NIL.  I 

COOH 

(II) 


Consequently  It  could  be  expected  that  peptides  of  prollne  would  also  be  reduced  when  subjected  to  elec¬ 
troreduction  under  the  adopted  conditions.  We  Investigated  the  electroreduction  of  a  number  of  prollne  peptides, 
and  also  of  some  compounds  of  a  peptide  character,  containing  the  dialkylamido  grouping.  The  following  pep¬ 
tides  were  reduced:  glycyl-L-prolIne,  glycyl-D,L-valine  and  D,L-phenylalanyl-D,L -prollne  methyl  ester  hydro¬ 
chloride.  We  also  reduced  the  following  amino  acid  dialkylamides:  glycine  a-methylpyrrollde,  glycine  diethyl¬ 
amide,  glycine  piperidlde,  D.L -phenylalanine  plperldlde  and  D,  L -leucine  piperazide.  All  of  the  enumerated 
compounds  reduce  in  such  manner  that  the  amino  alcohol  is  formed  from  the  amino  acid  In  which  the  carboxyl 
group  Is  present  as  a  peptide  linkage,  and  the  corresponding  dialkylamine  (prollne,  a-methylpyrrolidIne,diethyl- 
amlne,  piperidine,  piperazine)  Is  liberated.  In  accordance  with  the  following  scheme: 


R-CH  '  C-}-N 


H  I 


'CH  —  CH, 


CHg—  CH, 

R-CH-CH,0H  ♦  NH\  I  , 
NH,  CH-CH, 

COOH 


It  I 

R-CH-  CtN> 
'  I 


R-CH-CH,0H  +  NHC 
' 

NH- 


Here  It  is  Important  that  the  nature  of  the  amino  acid  does  not  affect  the  structure  of  the  final  reduction 
products,  since  the  corresponding  amino  alcohols  were  found  in  all  of  the  cases,  and  were  either  Isolated  or 
Identified  chromatographically. 
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EXPERIMENTAL 


The  method  described  In  [2]  was  used  to  run  the  electroreductions.  The  weight  of  substance  taken  did  not 
exceed  100  mg.  The  cathode  solution  was  composed  of  50  ml  of  acetic  acid,  100  ml  of  water  and  40  ml  of  22^o 
distilled  HCl.  The  anode  compartment  contained  70  ml  of  HCl.  The  current  density  was  56  ^a  per 
sq.cm,  the  cathode  temperature  15-20*,  and  the  reduction  time  5-7  hours.  The  direct  current  used  was  120  v. 

The  cathode  solutions  were  investigated  using  paper  chromatography  and  the  solvent  system  butanol-water-acetlc 
acid  (4;  5:1).  At  the  same  time  we  also  resorted  to  ionophoresls  on  paper.  As  buffer  we  used  30%  acetic  acid,  and 
the  potential  gradient  was  6.8  v/cm.  To  develop  the  chromatograms  and  lonophoregrams  we  used  either  a  0.4% 
solution  of  nlnhydrln  In  methanol  at  100*  or  benzidine. 

D,L-Phenylalanine  piperidide  hydrochloride,  a)  The  cathode  solution  after  reduction  and  evaporation  was 
chromatographed.  When  benzidine  was  used  for  developing. the  obtained  stains  had  distribution  coefficients 
Rf=0.47.Rf=0.  59  (very  small)  and  =  0.67,  which  in  the  control  corresponds  to  piperidine  (R^  =  0.47),  phenyl¬ 
alanine  (Rf  =  0.59)  and  phenylalaninol  (fl  -benzyl -0  -amlnoethanol;  R^  =  0.67). 

b)  The  cathode  solution  after  evaporation  and  removal  of  excess  HCl  was  dissolved  In  5  ml  of  water,  made 
alkaline  with  1  drop  of  cone.  NaOH,  and  extracted  several  times  with  methylene  chloride.  The  methylene 
chloride  was  evaporated  in  vacuo.  The  residual  oil  with  a  sharp  amine  odor  proved  to  be  chromatographlcally 
homogeneous  and  had  R^  =  0. 67.  The  substance  was  dissolved  In  1  ml  of  anhydrous  ethanol  saturated  with  HCl, 
and  then  10  ml  of  absolute  ether  was  added.  The  white  glistening  crystals  that  deposited  here  were  filtered  and 
washed  with  absolute  ether.  Weight  15  mg,  m.p.  145-146*.  D,  L -Phenylalaninol  hydrochloride,  obtained  by  the 
reduction  of  D,L-phenylalanlne  with  LiAlH4,  has  m.p.  144-146*.  The  mixed  melting  point  of  the  two  specimens 
was  not  depressed.  According  to  [3],  D,L-phenylalanInol  hydrochloride  has  m.p.  145-14T.  When  treated  with 
sodium  periodate, the  substance  cleaves  ammonia,  which  was  detected  with  Nessler  reagent,  this  being  a  specific 
test  for  a-amino  alcohols. 

Glycyl-L-prollne.  a)  Here  60  mg  of  the  peptide  was  taken  and  reduced  for  5  hours.  The  cathode  solution 
after  the  reduction  was  evaporated  In  vacuo,  and  the  residue  was  hydrolyzed  for  6  hours  with  22%  HCl  to  remove 
the  starting  peptide.  The  hydrolyzate  was  evaporated  in  vacuo,  and  the  residue  was  dissolved  In  0.5  ml  of  water 
and  chromatographed.  When  nlnhydrln  was  used  for  developing  .the  obtained  stains  had  distribution  coefficients 
R^  =  0.14  (small),  R^  =  0.31  and  R^  =  0.40  (yellow),  which  in  the  control  corresponds  to  glycine  (Rj=  0.14), 
ethanolamine  (Rf  =  0.31)  and  proline  (Rf  =  0.40,  yellow).  Using  ionophoresls  on  paper  (4  hours)  and  ninhydrin 
the  developer  led  to  obtaining  three  stains,  localized  on  the  cathode  at  5.5  (yellow),  8.5  (small)  and  11  cm. 
The  first  two  stains  correspond  to  prollne  and  glycine,  while  the  third  corresponds  to  ethanolamine  (in  the  control 
the  ethanolamine  was  located  on  the  cathode  at  11  cm). 

b)  Azeotropic  distillation  of  ethanolamine  with  toluene.  To  separate  ethanolamine  we  used  the  method  of 
[4],  which  is  based  on  the  ability  of  toluene  to  form  an  azeotropic  mixture  with  ethanolamine.  The  experiment 
was  run  In  a  liquid  extractor  suitable  for  the  extraction  of  a  light  liquid.  The  hydrolyzate  of  the  reduced  glycyl- 
L-proline,  after  removal  of  the  HCl,  was  transferred  to  the  extraction  flask,  and  then  3  ml  of  saturated  aqueous 
potash  solution  and  50  ml  of  toluene  (washed  with  HCl  and  distilled)  were  added.  The  extraction  flask  was  then 
filled  with  water  so  that  its  level  was  approximately  2  cm  below  the  outlet  tube.  The  toluene  and  substance  in 
the  flask  were  boiled  for  7  hours.  The  azeotropic  mixture  condensed  in  the  condenser,  dropped  into  the  funnel  of 
the  extractor,  and  then  passed  through  a  layer  of  water;  here  the  ethanolamine  dissolved  in  the  water,  while  the 
toluene  flowed  back  into  the  extraction  flask  through  the  outlet  tube.  The  water  layer  was  separated  and  then 
evaporated  in  vacuo  at  40*  to  a  volume  of  7  ml.  The  concentrate  gave  an  intense  ninhydrin  test  and  was  free  of 
ammonia  (using  Nessler  reagent).  Chromatographing  of  the  Indicated  water  solution  revealed  the  presence  of 
only  one  substance,  with  R^  =  0.41.  In  the  control  experiment  the  ethanolamine  had  R^  =  0.41.  lonophoresis  also 
revealed  only  one  substance,  migrating  to  the  cathode  at  the  speed  of  ethanolamine.  Titration  of  the  indicated 
concentrate  with  O.OIN  HCl,  using  a  microburet  and  universal  indicator,  gave  0.16  mg  of  N  in  1  ml  of  con¬ 
centrated,  while  by  the  periodate  method  [5]  the  found  amount  was  0. 15  mg  of  N,  determined  as  ammonia. 


D,  L-Valyl-D,L-prolIne.  Here  50  mg  of  the  peptide  was  reduced  under  the  above-described  conditions  for 
5  hours.  The  cathode  solution  was  evaporated,  and  the  residue  was  dissolved  in  1  ml  of  water  and  chromatographed. 
It  proved  that  valine,  valinol  (0  -Isopropyl-0  -aminoethanol)  and  the  starting  peptide  do  not  separate  In  the  given 
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solvent  system.  To  separate  from  amino  acid  and  peptide,  the  obtained  solution  was  made  alkaline  with  5  ml 
of  2N  NaOH  and  then  extracted  several  times  with  ether.  The  ether  extract  was  evaporated  to  dryness.  The 
residue,  a  small  amount  of  oil  with  a  sharp  amine  odor,  was  dissolved  in  1  drop  of  alcohol  and  chromatographed. 
When  developed  with  benzidine  only  one  stain  appeared  with  =  0.67.  In  this  experiment  the  vallnol  control 
had  =  0. 67. 

D,  L-Phenylalanyl-D,L -proline  methyl  ester  hydrochloride.  Here  100  mg  of  the  hydrochloride  was  reduced 
by  the  above-described  method.  The  cathode  solution,  after  reduction  and  distilling  off  the  solvent,  was  hydrolyzed 
for  12  hours  with  22%  HCl,  then  evaporated  to  dryness,  and  the  residue  dissolved  In  several  drops  of  water  and 
chromatographed.  The  investigated  solution  was  found  to  contain  prollne,  a  minute  amount  of  phenylalanine 
and  a  new  substance,  from  the  distribution  coefficient  (Rf  =  0.70)  corresponding  to  0 -benzyl-g-aminoethanol 
(phenylalaninol).  The  phenylalanlnol  in  the  control  had  R^  =  0.70.  The  Investigated  solution  was  made  alkaline 
with  2N  NaOH  and  then  extracted  3  times  with  5  ml  portions  of  chloroform,  after  which  the  chloroform  was 
distilled  off  and  tlie  residue  was  chromatographed.  With  either  ninhydrin  or  benzidine  the  substance  developed 
only  one  stain,  from  Its  distribution  coefficient  corresponding  to  phenylalanlnol.  The  alkaline  extract  was  devoid 
of  ammonia,  but  on  treatment  with  sodium  periodate  cleaved  ammonia,  which  was  detected  with  Nessler  reagent 
(qualitative  test  for  a-amino  alcohols). 

Glycine  piperidide  hydrochloride.  The  cathode  solution,  after  reduction  and  distilling  off  the  solvent,  was 
chromatographed  (using  benzidine  as  developer)  and  found  to  contain  substances  with  Rf  =  0. 34  and  0.56.  Based 
on  the  control,  this  corresponds  to  ethanolamlne  (Rp  =  0.34)  and  piperidine  (Rj  =  0.56.).  In  this  experiment  the 
glycine  had  Rp  =  0. 1  ,  while  the  original  had  0. 65. 

Glycine  diethylamide.  It  was  shovm  by  chromatographing. that  the  hydrolyzate  of  the  cathode  solution  after 
reduction  contains  substances  with  tlie  distribution  coefficients  Rp  =  0.16,  0.24  and  0.46  (small),  and  also  several 
faint  stains,  the  nature  of  which  we  were  unable  to  establish.  Based  on  the  control,  the  indicated  substances  cor¬ 
respond  to  glycine  (Rp  =  0.15),  ethanolamlne  (Rp  =  0.24  and  dlethylamine  (Rp=  0.45).  lonophoresis  on  paper 
(3  hours),  using  ninhydrin  as  developer,  revealed  the  presence  of  glycine,  ethanolamlne  and  dlethylamine.  In 
addition,  tlie  cathode  solution  was  found  to  contain  ammonia,  which  was  detected  using  Nessler  reagent. 

Glycine  a-methylpyrrolidide  hydrobromide.  The  cathode  solution  after  reduction  was  found  to  contain 
substances  with  distribution  coefficients  Rp  =  0.15  (small),  0.22  and  0.47.  Based  on  the  control,  this  corresponds 
to  glycine  (Rp  =  0.15),  ethanolamlne  (Rp=  0.22)  and  a-methylpyrrolidlne  (Rp=  0.47).  The  a-methylpyrrolldide 
in  the  control  had  Rf  =  0.57. 

D,  L-Lcucine  plperazide  dihydrobromide.  Using  benzidine  as  developer,  the  chromatograms  of  the  hydro¬ 
lyzate  of  the  cathode  solution  after  reduction  revealed  the  presence  of  substances  with  distribution  coefficients 
Rp  =  0.83,  0.07  and  0.61  (traces).  Based  on  the  control,  this  corresponds  to  leucinol,  piperazine  and  leucine. 

SUMMARY 

1.  It  was  established  that  the  electroreduction  of  peptides,  employing  the  method  of  N.  L  Gavrilov  and 
A.  V.  Koperina,  results  In  the  reduction  of  the  peptide  linkage  containing  the  imino  group  of  prollne. 

2.  The  reduction  of  dialkylamides  and  piperazldes  of  amino  acids  also  occurs  under  the  indicated  condi¬ 
tions. 

3.  The  electroreduction  of  prollne  peptides,  and  also  of  the  piperazldes  and  dialkylamides  of  amino  acids, 
yields  the  amino  alcohol  derivatives  of  the  corresponding  amino  acids.  The  nature  of  the  amino  acid  does  not 
affect  either  the  character  or  the  direction  of  the  reduction. 
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SYNTHESIS  OF  lODO  DERIVATIVES  OF  BIPHENYL 


A.  N.  Novikov 
Tomsk  Polytechnic  Institute 

In  previous  studies  [1-4]  we  had  shown  that  some  of  the  difficultly  available  aromatic  iodo  derivatives  (due 
to  the  complexity  of  obtaining  them)  can  be  synthesized  In  good  yield  by  direct  iodinatlon  In  the  presence  of 
nitration  mixture  ["mixed  acid"].  Use  of  the  latter  results  In  complete  utilization  of  the  iodine,  which  Is  not 
lost  as  hydriodic  acid  during  substitution.  The  mechanism  of  the  direct  Iodinatlon  reaction  In  the  presence  of 
mixed  acid  has  been  discussed  earlier  [2.4].  The  methods  described  In  the  literature  [5]  for  the  preparation  of 
4-lodo-  and  4,4’-dIlodoblphenyl  through  the  corresponding  diazonlum  compounds  are  both  cumbersome  and  give 
low  yields.  A  need  for  the  Indicated  compounds  led  us,  after  the  methods  given  In  the  literature  for  their  pre¬ 
paration  had  been  examined,  to  the  present  Investigation,  the  results  of  which  ate  given  below. 

EXPERIMENTAL 

(Students  E.  M.  Kulanova  and  L.  A.  Martynenko  assisted  in  this  portion  of  the  work) 

4-Iodoblphenyl.  To  a  mixture  of  38.5  g  of  biphenyl,  100  ml  of  glacial  acetic  acid,  31.8  g  of  Iodine  and 
27.5  ml  of  sulfuric  acid  (d  1.84),  heated  to  34-36*  (bath  temperature)  In  a  round -bottomed  flask,  was  gradually 
added  In  1  hour  10  minutes,  with  vigorous  mechanical  stirring,  4. 8  ml  of  nitric  acid  (d  1. 4).  Then  the  mixture 
was  stirred  for  another  5  minutes.  The  reaction  was  then  diluted  with  water,  and  the  precipitate  was  filtered  and 
washed.  The  precipitate  had  a  brick-red  color  due  to  unreacted  Iodine.  After  steam  distillation  to  remove 
Iodine,  the  precipitate  was  recrystallized  twice  from  ethanol.  Yield  of  p-iodobiphenyl  45  g  (64%);  m.p.  llJf. 
The  qualitative  test  for  nitrogen  was  negative. 

Found  %;  I  45.40  ,  45.26.  C^H^.  Calculated  %;  I  45.30. 

4,4*  -Dllodoblphenyl.  A  mixture  of  7.7  g  of  biphenyl,  12.7  g  of  Iodine,  25  ml  of  glacial  acetic  acid  and 
10  ml  of  carbon  tetrachloride  was  charged  into  a  three -necked  flask,  fitted  with  mechanical  stirrer,  reflux 
condenser  and  dropping  funnel.  Then  a  mixture  of  11  ml  of  sulfuric  acid  (d  1.84)  and  3  ml  of  nitric  acid  (d  1.4) 
was  added  in  30  minutes  to  the  reaction  mass  at  90-95*  (sulfuric  acid  bath).  The  mixture  was  then  heated 
another  hour,  1.7  ml  of  nitric  acid  added  In  15  minutes,  and  the  synthesis  terminated  In  25  minutes.  At  reaction 
end  the  mixture  was  cooled  and  diluted  with  water.  The  unreacted  Iodine  (0.3-0. 5  g)  was  steam  distilled, 
while  the  residue  was  filtered,  washed  with  water,  and  recrystallized  from  glacial  acetic  acid.  Yield  of  4,4'- 
dllodoblphenyl  68%  (13.9  g);  m.p.  20^.  The  qualitative  test  for  nitrogen  was  negative. 

Found  %t  I  62. 35,  62. 60.  C]2Hgl2.  Calculated  %  162.51. 

SUMMARY 

4-Iodoblphenyl  and  4,4*  -dllodoblphenyl  were  obtained  by  the  direct  Iodinatlon  of  biphenyl  In  the  presence 
of  mixed  acid. 
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As  we  had  shown  earlier,  neutral  salts  (NaCl,  KCl,  etc)  are  extremely  active  catalysts  for  some  organic 
reactions.  We  discovered  the  catalytic  effect  of  neutral  salts  In  studying  the  reactions  of  phenols  with  POCI3 
[1,2].  Even  those  phenols  (nltrophenols,  picric  acid)  that  ordinarily  do  not  react  with  POCI3  show  rapid  and 
facile  reaction  with  POCI3  In  the  presence  of  neutral  salts.  The  fact  that  the  reaction  rate  Is  dependent  on  the 
dissociation  constant  of  the  phenol  made  It  possible  to  advance  a  theory  for  the  mechanism  of  the  catalytic 
effect  of  neutral  salts,  based  on  a  rearrangement  of  the  cation. 

ArO-H+  -f  Na+CI-  ArONa  +  HGl  (1) 

ArONa  -{-  POCU  ArOPOCla  +  NaCl 

1  3  2  -r 

It  was  postulated  that  the  catalytic  effect  of  neutral  salts  should  also  be  manifested  In  some  other  reactions. 
Specifically,  those  reactions  should  be  accelerated  in  which  one  component  has  a  distinctly  acid  character,  and 
the  other  component  a  fairly  labile  halogen  atom.  In  addition,  It  Is  necessary  to  observe  still  two  other  conditions; 
1)  the  hydrogen  halide  formed  in  the  reaction  should  be  poorly  soluble  In  the  reaction  mixture,  and  2)  the  re¬ 
action  mast  be  run  at  the  boll  to  remove  the  hydrogen  halide  formed,  as  otherwise  the  equilibrium  of  reaction 
(1)  will  be  shifted  completely  to  the  left  and  no  catalytic  effect  will  be  observed.  Actually,  It  was  subsequently 
shown  by  us  that  the  catalytic  effect  of  neutral  salts  Is  also  manifested  In  the  reaction  of  carboxylic  acids  with 
thionyl  chloride  [3].  In  complete  harmony  with  the  advanced  mechanism  It  proved  In  this  case  also  that  the 
catalytic  effect  Is  manifested  with  especial  clarity  In  the  preparation  of  the  chlorides  of  acids  with  a  high  dis¬ 
sociation  constant,  for  example  trichloroacetic  acid,  which,  as  is  known.does  not  react  with  thionyl  chloride 
[4,5].  In  harmony  with  the  above^ndIcated  mechanism,  the  catalytic  effect  of  neutral  salts  can  occur  only  in 
the  case  where  reaction  proceeds  with  the  Intermediate  formation  of  a  mixed  acid  chloride. 

RCOOII  f  SOCI2  RCOOSOCI  RCOCI  (3) 

The  possibility  of  forming  such  a  mixed  acid  chloride  was  also  postulated  earlier  [4,7].  From  the  above 
It  follows  that  the  catalytic  effect  of  neutral  salts  discovered  by  us  has  a  general  character  and  Is  applicable  to  a 
number  of  other  reactions.  In  this  paper  we  show  that  the  catalytic  effect  of  neutral  salts  Is  also  observed  In 
the  reaction  of  carboxylic  acids  with  phosphorus  trichloride.  It  is  Interesting  to  mention  that  although  this  reac¬ 
tion  has  been  known  for  a  long  time  [  6]  and  Is  frequently  used  to  obtain  carboxylic  acid  chlorides,  still  not  a 
single  opinion  has  been  expressed  up  to  now  as  to  Its  mechanism.  It  Is  usually  assumed  that  the  reaction  goes  with 
the  formation  of  P  (OH)3. 

.3RCOOH  +  PCI3  3R('.()CI  +  P(OH)3  (4) 


i 


Since  the  evolution  of  HCl  is  always  actually  observed,  preference  is  frequently  given  to  equation  (5); 

3RCOOH  +  2PCI3  ->  3RCOCI  +  P2O3  +  3HC1  (5) 


62 


Lucas  and  Pressman  [7]  believe  that  the  reaction  proceeds  according  to  scheme  (6). 


Rcooii  PCI3  ->  RC00PCI24-  nci 

RCOCl  -I-  POGI* 


(6) 


Cade  and  Gerrard  [9]  advance  the  following  equation*. 

RCOOH  4-  PCI3  -►  RCOCl  +  HOPCIo.  (7) 

Such  an  abundance  of  different  opinions  on  the  course  of  this  reaction  is  explained  by  the  fact  that  both 
the  starting  compounds  and  their  reaction  products  are  capable  of  reacting  in  a  highly  varied  manner.  For 
example,  it  is  known  that  carboxylic  acid  chlorides  react  with  phosphorous  acid  [10];  occasionally  the  formation 
of  red  phosphorus  is  observed,  apparently  due  to  the  disproportionation  of  H3PO3  or  of  P2O3,  etc.  For  this  reason 
even  a  very  detailed  study  of  all  of  the  possible  reaction  products  and  their  proportions  can  hardly  lead  to  an 
elucidation  of  the  mechanism  of  this  reaction.  Of  all  of  the  equations  given,  only  equation  (6)  permits  the 
possibility  of  a  catalytic  acceleration  of  the  reaction  by  neutral  salts  (similar  to  the  reaction  of  phenols  with 
POCI3  and  of  carboxylic  acids  with  SOClj  [1-3]  ).  For  this  reason  we  assumed  that  a  study  of  the  possibility  of 
utilizing  the  catalytic  effect  of  neutral  salts  in  the  reaction  of  carboxylic  acids  with  PCI3  is  of  interest  not  only 

from  the  viewpoint  of  expanding  the  range  in  which  the  type  of 
catalytic  phenomena  discovered  by  us  can  be  utilized,  but  also  from 
the  standpoint  of  arriving  at  a  decision  as  to  the  mechanism  of  this 
reaction. 

The  catalytic  effect  of  neutral  salts  (KCl)  in  the  reaction  of 
carboxylic  acids  with  PCI3  was  studied  by  us  on  a  number  of  examples. 
We  judged  as  to  the  kinetics  of  the  reaction  by  the  rate  of  HCl  evolu¬ 
tion  (using  the  earlier  described  method  [1-3]).  It  proved  in  all  cases, 
independent  of  whether  a  neutral  salt  was  or  was  not  added,  that  1 
mole  of  HCl  was  always  evolved  per  mole  of  acid  taken  (even  when 
a  large  excess  of  PCI3  was  taken).  The  kinetics  for  the  reactions  of 
CCljCOOH  and  CH|ClCOOH  with  PCls  are  given  in  the  graph.  Since 
in  the  case  of  these  reactions,  in  contrast  to  that  described  by  us 
earlier  [2],  the  process  goes  at  a  measurable  speed  even  in  the  absence 
of  a  neutral  salt,  it  proved  possible  to  calculate  the  Increase  in  the 
rate  constant  for  the  reaction.  For  this  we  utilized  the  fact  that  the 
ratio  k'/k  is  inversely  proportional  to  the  ratio  t*/t,  where^  anti  tjare 

respectively  equal  to  the  reaction  time. Actually,  = -yin 
and  =  (B). 

If  a  =  a*  and  x  =  x’,  then  after  dividing  (A)  by  (B)  we  obtain:  k:k'  =  t’;t.  From  the  given  curves  it  can 
be  seen  that  monochloroacetlc  acid  (dissociation  constant  k  =  1.5  '  lO”’)  reacts  quite  rapidly  with  PCls  even 
without  a  catalyst  (Curve  2)  and  to  the  extent  of  50%  in  45  minutes,  while  in  the  presence  of  KCl  it  reacts  to  the 
extent  of  50%  in  11  minutes  (Curve  2k),  l.e.  the  rate  constant  shows  a  4-fpld  increase.  Trichloroacetic  acid 
(k  =  2  •  10 ~^)  reacts  to  the  extent  of  20%  in  85  minutes  without  catalyst,  and  to  the  same  extent  in  6  minutes  in 
the  presence  of  KCl,  i.e.  the  rate  constant  for  the  reaction  shows  a  14-fold  Increase.  The  reaction  of  PCls  with 
a-bromopropionic  and  a-bromoisovalerlc  acids  also  increases  in  exactly  the  same  manner  in  die  presence  of 
KCl:  in  these  cases  the  reaction-rate  constant  shows  only  a  2-fold  Increase,  since  these  acids  have  lower  dissocia¬ 
tion  constants  (1.0  •  10"’).  Consequently,  also  in  the  reaction  of  carboxylic  acids  with  phosphorus  trichloride  the 
addition  of  a  small  amount  of  neutral  salt  oatalytlcally  accelerates  the  reaction,  and  completely  analogous  to 
our  earlier-described  examples,  the  degree  of  acceleration  is  largely  dependent  on  the  dissociation  constant  of 
the  taken  acid.  Practically,  the  addition  of  a  neutral  salt  does  not  play  a  major  role  in  the  preparation  of  the 
chlorides  of  carboxylic  acids  with  a  low  dissociation  constant,  since  these  acids  react  quite  vigorously  with  PCla 

•See  the  paper  by  Besson  [8]. 


Kinetics  of  reaction  of  carboxylic 
acids  with  PCI3 

1)  CCI3COOH,  2)  CHjClCOOH, 
lk-<;Cl3COOH  (in  the  presence  of 
KCl),  2k-CH2ClCOOH  (in  the  pre¬ 
sence  of  KCl). 


and  SOCl]  even  In  the  absence  of  a  neutral  salt.  However,  the  situation  changes  sharply  when  the  matter  Is 
one  of  obtaining  the  chlorides  of  strongly  dissociated  acids  (trichloroacetic  acid,  dlchloroacetlc  acid,  etc.),  since 
In  general  these  acids  either  do  not  react  with  SCXDlj  and  PClj  or  react  very  slowly  In  the  absence  of  a  neutral 
salt.  In  these  cases  the  addition  of  a  neutral  salt  proves  to  be  highly  beneficial,  and  the  reaction  proceeds  rapid¬ 
ly  and  with  a  good  yield  of  acid  chloride.  However,  a  lower  yield  of  chloride  Is  obtained  when  carboxylic  acids 
are  reacted  with  PCI3  than  when  SCX^lj  Is  used  (this  Is  Independent  of  whether  a  neutral  salt  Is  added  or  notX  A 
possible  explanation  for  this  Is  the  fact  that  It  is  difficult  to  effect  a  complete  removal  of  acid  chloride  from  the 
obtained  hard  residue  by  distillation. 


EXPERIMENTAL 

Kinetics  of  the  reaction  of  carboxylic  acids  with  PCI3.  A  charge  of  0.05  g-mole  of  carboxylic  acid  and 
0.2  g-mole  of  PCI3  was  placed  In  a  round -bottomed  flask  fitted  with  a  ground -glass  reflux  bulb  condenser,  and 
the  mixture  heated  at  the  boil  during  the  whole  experiment.  The  evolved  hydrogen  chloride  passed  through  a 
tube  filled  with  pieces  of  unglazed  porcelain,  moistened  with  sulfuric  acid,  and  then  was  absorbed  In  an  accurately 
measured  amount  of  IN  NaOH.  The  NaOH  solution  was  replaced  by  new  solution  at  periodic  Intervals,  and  the 
amount  of  evolved  hydrogen  chloride  was  determined.  The  kinetics  of  the  reaction  in  the  presence  of  KCl  (al¬ 
ways  0. 1  g  of  KCl  was  added)  was  determined  the  same  way.  The  obtained  data  are  plotted  in  the  graph. 

The  carboxylic  acid  chlorides  were  prepared  in  conventional  manner.  One  gram  of  KCl  was  added  to  1  g 
mole  of  taken  acid.  The  reaction  solution  was  heated  on  the  water  bath  until  HCl  ceased  to  evolve.  After  re¬ 
moval  of  excess  PCI3  the  acid  chlorides  were  isolated  by  distillation  under  a  moderate  vacuum  (150-240  mm) 
to  avoid  losses.  Then  the  add  chlorides  were  redistilled  at  atmospheric  pressure  through  a  column.  The  follow¬ 
ing  chlorides  were  Isolated: 

1)  monochloroacetyl  chloride  (yield  62<7o,  b.p.  103-104.5*); 

2)  a-bromoproplonyl  chloride  (yield  61%,  b.p.  125-12Sr); 

3)  trlchloroacetyl  chloride  (yield  70%,  b.p.  llb-ll^*). 

SUMMARY 

1.  It  was  shown  that  the  reaction  of  carboxylic  acids  with  phosphorus  trichloride  Is  accelerated  In  the 
presence  of  neutral  salts  (KCl).  The  acceleration  depends  to  a  large  degree  on  the  dissociation  constant  of  the 
acid.  The  greatest  acceleration  Is  observed  In  the  case  of  strong  acids.  In  the  case  of  trichloroacetic  acid  the 
reaction-rate  constant  shows  a  14-fold  increase,  and  In  the  case  of  monochloroacetic  acid  only  a  4-fold  Increase. 

2.  The  opinion  was  expressed  that  the  ability  of  neutral  salts  to  catalytlcally  accelerate  the  reaction  of 
carboxylic  acids  with  PCI3  supports  the  mechanism  proposed  by  Lucas  and  Pressman  for  the  reaction. 
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The  catalytic  effect  of  neutral  salts  (NaCl,  KCl,  etc.)  in  some  organic  reactions  was  described  in  earlier 
communications  [1-4].  An  investigation  of  the  following  two  reactions  is  described  in  this  communication. 

RCOOH  +  RCOCl  ->  (RCO).O  -f  IlGl 
ArOH  +  llCOCl  ->  ArOCOIl  -f  HCI 

Both  reactions  satisfy  the  conditions  under  which  it  is  possible 
for  the  catalytic  activity  of  neutral  salts  to  be  manifested  [1]:  one 
component  has  an  acid  character  (it  can  take  part  in  the  rearrange¬ 
ment  of  the  cation),  and  the  second  component  has  a  labile  halogen 
atom.  The  first  reaction  not  only  makes  it  possible  to  expand  the 
utility  of  the  new  type  of  cationic  catalysis  discovered  by  us,  but  it 
also  serves  as  a  method  of  obtaining  acid  anhydrides. 

Of  the  large  number  of  different  methods  available  for  obtain¬ 
ing  carboxylic  acid  anhydrides  the  following  two  methods  are  usually 
recommended  [5]:  the  exchange  reaction  of  a  carboxylic  acid  with 
some  readily  available  anhydride,  and  the  reaction  of  an  acid  chloride 
with  an  acid  in  the  presence  of  an  equimolar  amount  of  pyridine.  In 
the  case  of  the  second  reaction  the  hygroscopic  precipitate  of  py¬ 
ridine  hydrochloride  Is  filtered  and  washed  with  benzene,  while  the 
acid  anhydride  Is  isolated  from  the  filtrate  by  distillation  In  a  yield 
of  78  to  The  possibility  of  obtaining  acid  anhydrides  by  the  direct 

reaction  of  carboxylic  acids  with  their  acid  chlorides  has  been 
neglected.  The  first  data  on  obtaining  an  acid  anhydride  by  heating 
an  acid  with  its  chloride  are  given  by  Linnemann  and  Zotta  [6],  who 
obtained  butyric  anhydride  in  86*70  yield  by  heating  a  mixture  of 
butyric  acid  and  butyryl  chloride.  J.  Kanoimikoff  and  M.  Saytzeff  [7] 
obtained  acetic  anhydride  in  yield  by  heating  a  mixture  of 
acetyl  chloride  with  glacial  acetic  acid.  Later  this  method  of  preparing  acetic  anhydride  was  even  patented  [8], 
and  quite  recently  a  patent  was  granted  for  the  preparation  of  benzoic  anhydride  by  a  similar  method  [9].  Ap¬ 
parently,  the  unpopularity  of  this  method  for  obtaining  acid  anhydrides  was  evoked  by  the  paper  of  R.  Anschutz 
[10],  who.  Investigating  various  methods  of  obtaining  acid  anhydrides,  came  to  the  conclusion  that  the  reaction 
of  carboxylic  acids  with  their  chlorides  "proceeds  slowly  and  incompletely". 

The  catalytic  effect  of  neutral  salts  in  the  reaction  of  carboxylic  acids  with  their  chlorides  was  studied  by 
us  on  a  number  of  examples.  The  same  as  before,  we  judged  as  to  the  kinetics  of  the  reaction  bythe  rate  of  HCI 
evolution  Rising  the  earlier-described  method  [1,2].  The  data  obtained  by  us  are  plotted  in  Fig.  1.  From  the  given 


Time  (min  ) 

Fig.  1.  Kinetics  of  the  reaction  of 
carboxylic  acids  with  their  chlorides. 

1)  CCI3COOH  +  CCI3COCI. 

2)  CHjClCOOH  +  CHjClCOCl, 

3)  n  -  C3Hf:OOH  +  CjHtCCX:!. 

The  lettered  curves  represent  those 
obtained  when  the  reaction  was  run 
in  the  presence  of  KCl. 
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curves  it  can  be  seen  that  the  greatest  acceleration  of  the  reac¬ 
tion  from  the  addition  of  KCl  is  observed  in  die  case  of  reaction 
using  trichloroacetic  acid:  without  catalyst  the  reaction  goes  to 
the  extent  of  50%  in  64  minutes,  while  in  the  presence  of  KCl 
the  reaction  goes  to  the  same  extent  in  11  minutes,  l.e.  the  re¬ 
action  rate  constant  shows  a  6-fold  increase  [4],  In  the  case  of 
monochloroacetic  acid  the  reaction  rate  constant  shows  a  3-fold 
increase,  and  in  the  case  of  the  even  less  dissociated  acids  “butyric 
and  benzoic  it  shows  an  Increase  of  1.6  and  2  times.  As  a  result, 
our  earlier-found  rule  [  1-4]  Is  also  applicable  to  the  reaction  of 
carboxylic  acids  with  their  chlorides;  In  this  case  also  the  catalytic 
effect  of  neutral  salts  depends  to  a  large  degree  on  the  dissocia¬ 
tion  constant  of  one  of  the  reaction  components  (CCI3COOH  had 
k  =  2  •  10-',  CHjClCOOH  has  k  =  1.5  •  10"’,  and  n-CjHTCOOH 
has  k  =  1.6  •  10-®). 

Our  experiments  also  revealed  that  acid  anhydrides  are 
obtained  in  very  good  yield  using  this  reaction;  for  example, 
trichloroacetic  anhydride  was  obtained  in  82.8%  yield,  butyric 
anhydride  in  87.5%  yield,  and  monochloroacetic  anhydride  in  70% 
yield.  If  a  large  excess  of  the  acid  chloride  Is  used,  then  the 
yield  of  anhydride  is  increased  even  more.  Thus,  for  example, 
using  a  100%  excess  of  CCl3COCl,the  anhydride  of  trichloroacetic 
acid  was  obtained  in  95%  yield.  The  results  obtained  by  us  permit  recommending  this  method  of  synthesizing 
acid  anhydrides  in  all  those  cases  where  neither  the  acid  chloride  nor  the  acid  anhydride  is  decomposed  when 
boiled. 

Since  both  the  reaction  of  carboxylic  acids  with  thionyl  chloride  and  the  reaction  of  carboxylic  acids  with 
their  chlorides  are  accelerated  in  the  presence  of  neutral  salts,  there  Is  no  need  for  starting  with  the  acid  chlorides 
to  obtain  acid  anhydrides:  the  same  results  can  be  achieved  by  reacting  the  carboxylic  acid  (2  moles)  with 
thionyl  chloride  (1  mole).  We  hope  to  publish  soon  on  the  catalysis  of  this  reaction  with  neutral  salts  and  on  the 
results  obtained. 

The  acylation  of  phenols  seemed  of  Interest  to  us  as  a  further  expansion  of  the  possible  application  of 
cationic  catalysis,  and  also  from  the  viewpoint  of  confirming  the  validity  of  the  hypothesis  proposed  by  us  for 
the  mechanism  of  this  type  of  catalysis.  Actually,  if  the  catalytic  effect  of  a  neutral  salt  is  achieved  through 
rearrangement  of  the  cation  [1,2] 

HCOO-H+ 4- Na+C|-  ^  llCOONa  +  MCI . 

then  the  effectiveness  of  the  catalytic  effect  of  a  neutral  salt  will  depend  to  a  large  degree  on  the  ionizing 
ability  of  the  solvent,  l.e.  on  the  dielectric  constant  of  the  component  that  is  taken  In  excess  (acid  chloride). 
Consequently,  it  could  be  expected  that  using  an  acid  chloride  with  a  high  dielectric  constant  will  result  in  a 
greater  acceleration  of  the  reaction  rate. 

The  applicability  of  cationic  catalysis  in  the  acylation  of  phenols  was  checked  by  us  on  the  examples  of 
reacting  2,4-dlnitrophenol  with  chloroacetyl  chloride  and  butyryl  chloride.  2,4-DInitrophenol  was  chosen  for 
the  reason  that  the  catalytic  effect  of  a  neutral  salt  is  manifested  most  clearly  here  —  the  indicated  dinltro- 
phenol  has  a  high  dissociation  constant  (k  =  1.1-  10"^),  which,  as  is  known  [1,2],  exerts  a  large  influence  on  the 
effectiveness  of  the  catalytic  effect  of  a  neutral  salt.  The  mentioned  acid  chlorides  were  chosen  on  the  basis 
that  they  have  close  boiling  points  (108  and  10?)  and  differ  sharply  in  the  value  of  their  dielectric  constant. 

The  method  of  operation  was  the  same  as  that  used  earlier.  As  catalyst  In  these  experiments  we  used  (CH3)4NC1, 
since  such  salts  as  NaCl  and  KCl  are  completely  insoluble  in  acid  chlorides  and  naturally  could  not  manifest  a 
catalytic  activity.  The  obtained  results  are  plotted  in  Fig.  2,  from  which  it  can  be  seen  that  chloroacetyl 
chloride  reacts  quite  sluggishly  with  the  dlnltrophenol  —  it  takes  100  minutes  for  the  reaction  to  go  40%  When 
the  reaction  is  run  in  the  presence  of  (CH3)4NC1  the  same  degree  of  reaction  (40%)  Is  obtained  In  3  minutes.  The 
addition  of  the  neutral  salt  caused  the  reaction-rate  constant  to  increase  approximately  30  times.  The  reaction 


Time  (min  ) 

Fig.  2.  Kinetics  of  the  reaction  of 
carboxylic  acid  chlorides  with  phenols. 

1)  (02N)jC6H30H  +  CHjClCOCl, 

2)  (02N)jC3H30H  +  C3H,C0C1. 

The  lettered  curves  represent  those 
obtained  when  the  reaction  was  run 
In  the  presence  of  (CH3)4NC1, 
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of  buiyryl  chloride  without  catalyst  was  somewhat  more  rapid  —  the  reaction  went  to  the  extent  of  40%  In  25 
minutes,  while  In  the  presence  of  (CH3)4NC1  It  went  to  the  same  extent  In  10  minutes.  In  this  case  the  Increase 
In  the  fate  constant  was  only  2.5  times.  This  example  shows  the  large  role  played  by  the  Ionizing  ability  of  the 
acid  chloride  in  cationic  catalysis.  After  distilling  off  the  excess  chloride  the  corresponding  2,4-dInItrophenol 
esters  were  Isolated  from  the  residue.  Consequently,  on  the  basis  of  our  studies  [1-4]  It  can  be  said  that  the 
catalytic  effect  of  neutral  salts  discovered  by  us  bears  a  general  character  and  is  manifested  In  all  those  reactions 
where  one  component  has  an  acid  character  and  the  second  contains  a  labile  halogen  atom.  To  show  the  catalytic 
activity  of  a  neutral  salt  It  Is  necessary  to  run  the  reaction  at  the  boll.  The  sharp  dependence  of  the  effectiveness 
of  adding  a  neutral  salt  on  the  dissociation  constant  of  the  acid  component  and  on  the  dielectric  constant  of  the 
second  component  Is  extremely  convincing  evidence  that  the  mechanism  of  the  catalytic  effect  of  a  neutral  salts 
Is  based  on  Ionic  reactions  and  that  the  scheme  proposed  by  us  for  the  catalytic  effect  of  neutral  salts[l],for  example 

ArO-n+-|-  Na+Cl-  ArONa  MCI 
ArONa  POCly  ->•  ArOPOClg  H-  NuCl, 

Is  probable  and  does  not  stand  in  contradiction  to  the  experimental  data,  making  It  possible  to  correctly  predict 
results. 

It  Is  Interesting  to  discuss,  from  the  viewpoint  of  the  catalytic  phenomena  discovered  by  us,  the  question  of 
using  the  metal  salts  ZnCl2,  AICI3  and  FeCl3  In  some  reactions.  The  running  of  reactions  in  the  presence  of  the 
Indicated  salts  Is  frequently  described  In  studies  of  a  preparative  nature.  In  not  all  cases  can  the  mechanism  of 
the  action  of  these  salts  be  explained  from  the  viewpoint  of  cationic  catalysis  (for  example,  the  Friedel -Crafts 
reaction),  but  In  some  cases  there  can  hardly  be  any  doubt  but  that  the  use  of  AICI3,  for  example.  Is  due  to  the 
catalytic  activity  of  the  cation  and  that  AICI3  can  be  successfully  replaced  by  other  salts.  We  will  give  an 
example  of  this.  In  1884  PawlewskI  [11]  found  that  the  reaction 

(’..iiiiiOii  +ci(:ooc.di.r,  ->  CoHsOcooaH.-.-f  nci 

proceeds  well  In  the  presence  of  anhydrous  aluminum  chloride.  There  can  hardly  be  any  doubt  but  that  the 
PawlewskI  reaction  Is  only  a  particular  case  of  catlonlo  catalysis.  Actually,  all  of  the  conditions  making  it 
possible  for  the  catalytic  activity  of  the  cation  to  be  manifested  are  present  in  this  reaction:  one  component 
has  an  acid  character,  and  the  second  component  has  a  labile  halogen  atom  and  a  quite  high  dielectric  constant 
(e  =  10.0).  In  these  respects  the  PawlewskI  reaction  Is  completely  analogous  to  the  reaction  of  CgHsOH  with 
POCI3,  which,  as  has  been  shown  by  us.  Is  accelerated  In  the  presence  of  nearly  any  salt.  There  Is  no  question 
but  that  also  in  the  PawlewskI  reaction  It  Is  possible  to  use  other  cations  as  catalysts  (apparently,  the  most  ef¬ 
fective  will  be  the  salts  of  organic  bases;  see  above).  There  can  also  be  no  doubt  of  the  fact  that  the  addition 
of  a  neutral  salt  will  be  even  more  effective  when  the  PawlewskI  reaction  Is  run  with  nitrophenols.  Obviously, 

It  Is  possible  to  find  still  other  reactions  where  the  addition  of  ZnCl2,  AICI3  and  FeClg  can  be  explained  from 
the  viewpoint  of  cationic  catalysis. 


EXPERIMENTAL 

P reparation  of  Carboxylic  Acid  Anhy drides.  Stud y  of  the  Rate  of  Reaction  of 
Trichloroacetic  Acid  with  its  Own  Acid  Chloride 

The  rate  of  this  reaction,  both  with  and  without  catalyst,  was  determined  by  the  earlier-described  method 
[1,2]:  a  solution  of  0.1  g-mole  of  the  acid  in  0.125  g-mole  of  the  acid  chloride,  containing  0.15  g  (0.002  g- 
mole)  of  KCl,  was  boiled  In  a  round -bottomed  flask  fitted  with  a  ground -glass  reflux  condenser.  The  evolved 
HCl  was  trapped  In  an  exactly  measured  amount  of  IN  NaOH,  which  was  periodically  replaced  by  a  new  solution, 
and  titrated  with  IN  NaOH.  The  results  of  measuring  the  amount  of  HCl  evolved  are  given  in  the  table. 

Using  the  same  method  we  determined  the  reaction  rate  for  the  preparation  of  other  anhydrides,  and  the 
results  of  these  measurements  are  plotted  in  Fig.  1. 

Preparation  of  (CCl3C0)20  (I).  A  mixture  of  32.7  g  of  CClsCOOH,  41.9  g  of  CCI3COCI  and  0.3  g  of  KCl 
was  heated  under  reflux  for  2  hours.  The  obtained  anhydride  was  carefully  decanted  from  the  potassium 
chloride  and  then  fractionally  distilled  In  vacuo;  we  obtained  51.2  g  (82.8%)  of  (I)  with  b.p.  130-134*  at  47  mm. 
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Reaction 
time  On 
minutes) 

IN  NaOH  consumed  in 
titration  of  evolvea  HCl 
(ml) 

1  Amount  of  HCl  evolved 

1  (in  %of  the  theoretical) 

without 

catalyst 

with  KCl 

without 

catalyst 

with  KCl 

't 

— 

22.3 

— 

22.3 

7 

9 

24.3 

_ 

46.6 

I'l 

10.6 

— 

19.9 

— 

20 

— 

22.4 

— 

69.0 

25 

!t.9 

— 

29.8 

— 

30 

— 

10.7 

— 

79.7 

40 

9.4 

— 

39.2 

— 

45 

— 

9.0 

— 

88.7 

60 

— 

4.0 

— 

92.7 

fi2 

10.0 

— 

49.2 

— 

87 

7.4 

— 

56.6 

— 

!H) 

— 

3.0 

— 

95.7 

117 

7.1 

— 

63.7 

— 

165 

10.9 

— 

7'i.6 

— 

240 

9.6 

— 

84.2 

— 

300 

5.5 

— 

89.2 

— 

360 

3.7 

93.4 

Preparation  of  (I)  using  a  large  excess  of  CCljCOCl.  A  mixture  of  32.7  g  of  CCljCOOH,  73.0  g  of 
CCl^OCl  and  0. 3  g  of  KCl  was  refluxed  for  2  hours.  Then  the  liquid  was  decanted  from  the  KCl  and  rectified 
In  vacuo.  After  distilling  off  the  excess  CCljCOCl  (31.4  g)  we  obtained  59.3  g  (95.7%)  of  (I)  with  b.p.  139-141* 
at  60  mm. 

Preparation  of  (CHtClCO)^  (II).  A  mixture  of  18.8  g  of  CHjClCOOH,  26.0  g  of  CH,ClCOCl  and  0.3  g  of 
KCl  was  refluxed  for  2  hours,  the  liquid  decanted  from  the  KCl,  and  the  product  vacuum  distilled.  We  obtained 
28  g  of  product  with  b.p.  115-125*  at  16  mm;  redlstlllation  gave  23  g  (67%)  of  the  anhydride  with  b.p.  120-12^ 
at  20  mm. 

Preparation  of  (n-CsH/30)20  (III).  A  mixture  of  35.2  g  of  n-CsHiCCXlH,  85.2  g  of  n-CsH;iCOCl  and  0.6  g 
of  KCl  was  refluxed  for  1.5  hours;  the  liquid  after  cooling  was  decanted  from  the  KCl  and  rectified  In  vacuo. 

We  obtained  36.2  g  of  unreacted  acid  chloride  with  b.p.  106-112’  and  55.3  g  of  (III)  with  b.p.  108-110*(37  mm); 
yield  87.5% 

Acylation  of  2, 4-Dlnltrophenol 

1.  Reaction  of  2,4-dlnitrophenol  with  monochloroacetyl  chloride.  A  mixture  of  9.4  g  of  2,4-dlnitrophenol, 
45.2  g  (0.4  mole)  of  CH^CICOCI  and  0.12  g  of  (CHj)4NCl  was  refluxed.  The  evolved  HCl  was  trapped  In  IN 
NaOH  (using  the  above-described  method).  The  results  of  measuring  the  amount  of  HCl  evolved  are  plotted  In 
Fig.  2  (Curve  Ik).  On  conclusion  of  reaction  (30  minutes)  the  excess  acid  chloride  was  removed  by  vacuum 
distillation;  the  residue  —  2,4-dlnltrophenyl  monochloroacetate  —  crystallized.  Yield  13.4  g  (quantitative); 
m.p.  97-98"  (from  chloroform). 

Found  %  N  10.70.  CgHgOeNjCl.  Calculated  %  N  10.75. 

The  kinetics  of  the  reaction  In  the  absence  of  (CHs)4NCl  was  determined  In  a  similar  manner  (Curve  1, 

Fig.  2). 

2.  Reaction  of  2,4-dInltrophenol  with  n-butyryl  chloride.  A  mixture  of  9.4  g  of  2,4-dlnitrophenol,  42.7  g 
of  n-butyryl  chloride  and  0.12  g  of  (CH3)4NC1  was  refluxed.  The  evolved  HCl  was  trapped  In  IN  NaOH,  as 
described  above.  The  results  of  measuring  the  amount  of  HCl  evolved  are  shown  In  Fig.  2,  Curve  2k.  After 
distilling  off  the  excess  butyryl  chloride  we  obtained  12.6  g  of  2,4-dinitrophenyl  butyrate.  The  ester  was  ob¬ 
tained  as  a  light-yellow  liquid;  small  portions  can  be  vacuum  distilled;  b.p.  170-172’  (2  mm). 

Found  %  N  10.77.  CigHjoGgNj.  Calculated  %  N  11.02. 
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SUMMARY 


1.  The  reaction  of  carboxylic  acids  with  their  chlorides  Is  accelerated  substantially  In  the  presence  of 
neutral  salts.  In  the  case  of  the  more  highly  dissociated  acids  this  increase  in  the  reaction  rate  Is  quite  great. 
The  fact  that  this  method  gives  good  yields  of  acid  anhydrides  permits  recommending  It  for  their  preparation. 

2.  The  reaction  of  2,4-dlnltrophenol  with  carboxylic  acid  chlorides  Is  also  accelerated  substantially  In 
the  presence  of  neutral  salts. 

3.  The  dependence  of  the  accelerating  effect  shown  by  neutral  salts  on  the  dielectric  constant  of  the 
carboxylic  acid  chloride  Indicates  that  the  catalytic  effect  has  an  Ionic  mechanism  and  supports  the  theory  ex¬ 
pressed  earlier  regarding  the  mechanism  of  cationic  catalysis. 
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CYCLOSERINE  AND  RELATED  COMPOUNDS 
IV.  a-BENZAMIDOACRYLHYDROXAMIC  ACIDS 
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M.  Ya.  Karpeiskii 

Institute  of  Pharmacology  and  Chemotherapy,  Academy  of  Medical  Sciences 
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In  connection  with  studies  being  made  in  our  laboratory  [1-3]  on  the  synthesis  of  the  recently  discovered 
antibiotic  cycloserine  and  of  compounds  related  to  It,  we  deemed  it  expedient  to  include  some  hydroxamic 
acids,  having  an  acylamino  group  in  the  a-position,  in  our  study.  Further  study  of  some  of  the  transformations 
of  these  compounds  could  open  a  new  route  to  the  synthesis  of  cycloserine  analogs.  The  present  paper  is  devoted 
to  the  synthesis  of  fl  -substituted  a-benzamldoacrylhydroxamlc  acids. 

The  reaction  of  azlactones  with  hydroxylamine  could  serve  as  the  most  convenient  way  of  synthesizing 
these  compounds.  This  reaction  was  run  on  the  simplest  example,  2 -phenyl -4-benzylldene-oxazolone  (la),  by 
Shaw  and  McDowell  [4],  who  effected  cleavage  of  the  azlactone  by  treatment  with  free  hydroxylamine  in 
anhydrous  methanol.  The  reaction  proved  to  be  ill -defined  under  these  conditions,  as  a  result  of  which  the  yield 
of  a-benzamldo- 0  -phenylacrylhydroxamic  acid  (Ila)  did  not  exceed  50%;  together  with  thls.another  compound 
was  Isolated  in  25%  yield,  which  compound  was  assigned  the  structure  of  a-benzamido-0  -phenyl-6  -hydroxyamlno- 
propionlc  acid  by  the  authors  [5]. 

We  made  a  detailed  study  of  the  reaction  of  azlactones  with  hydroxylamine  under  various  conditions.  It 
proved  that  the  pH  of  the  medium  exerts  a  very  large  Influence  on  the  reaction  results,  in  which  connection  the 
optimum  pH  Is  5-6.5.  At  a  higher  pH  the  reaction  proves  to  be  ill -defined  and  Is  complicated  by  the  addition 
of  hydroxylamine  to  the  double  bond  (which  also  occurred  In  the  case  described  by  Shaw  and  McDowell),  the 
formation  of  esters  of  a-benzamidocinnamlc  acid,  etc.  At  a  lower  pH  the  reaction  proves  to  be  slightly  too 
slow  (see  [6]),  although  in  case  of  need,  by  increasing  the  reaction  time,  it  is  possible  to  obtain  good  yields  even 
at  a  pH  of  4.  In  practice  It  is  most  convenient  to  effect  cleavage  of  the  azlactone  using  a  methanol  solution  of 
hydroxylamine  acetate  at  10-50“;  operating  at  a  higher  temperature  leads  to  further  transformations  of  the  re¬ 
action  products. 

For  methanol -soluble  azlactones  the  cleavage  with  hydroxylamine  proceeds  to  the  extent  of  92-96%  at 
20’  in  45-55  minutes,  and  only  in  the  case  of  difficultly  soluble  compounds  does  it  prove  necessary  to  Increase 
the  reaction  time  or  raise  the  temperature. 

The  method  wcarked  out  by  us  for  the  synthesis  of  0  -substituted  derivatives  of  a-benzamldoacrylhydroxamlc 
acids  proved  to  be  general,  and  suitable  for  obtaining  acids  with  different  substitutents  In  the  aromatic  ring 
(methoxy,  methylenedloxy,  nitro,  dimethylamino  and  halogen).  The  acids  were  easily  obtained  from  the  cor¬ 
responding  readily  available  azlactones  in  yields  exceeding  80% 

The  nature  of  the  substltutent  apparently  exerts  very  little  influence  on  the  yield,  and  only  In  the  case 
where  (II)  is  noticeably  soluble  in  aqueous  methanol  does  the  yield  drop  due  to  Incomplete  separation,  whereas 
photocolorlmetric  determination  reveals  that  92-96%  of  the  azlactone  has  been  converted.  This  method  is 
evidently  also  suitable  for  obtaining  various  derivatives  containing  a  heterocyclic  radical;  we  used  the  method 
to  synthesize  the  0  -(a-furyl)-substltuted  compound  (lie).  Finally,  it  is  apparently  also  quite  suitable  for  ob¬ 
taining  a-benzamidoacrylhydroxamic  acls  with  aliphatic  radicals  in  the  0 -position.  Thus,  when  2-phenyl-4- 
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Isopropylldeneoxazolone  (Ih)  was  reacted  under  the  above -described  conditions  we  Isolated  a-benzamido  -fl  ,6 
dlmethylacrylhydroxamlc  acid  (Ilh)  In  about  60‘^lo  yield. 


Compound 

X 

Y  Compound 

X 

Y 

la,  Ila 

C0H5 

H  le  II  e 

(1  IL 

II 

lb,  lib 

P-cir30C«H4 

II  if  Ilf 

p(Gll3)..N-C„ll4 

II 

ic,  lie 

3,4-Cll20.,:C8H3 

H  Ig  11  g 

P  -lIrCHiU 

11 

Id,  lid 

m  -O2NC8II4 

II  Ih  Ilh 

CII3 

CII3 

As  Is  well  known  [5],  hydroxamlc  acids  are  extremely  un¬ 
stable  at  elevated  temperatures.  For  this  reason  we  use  a  much 
milder  Isolation  method  than  that  described  In  [4],  reducing  to  a 
throwIng-out  of  the  hydroxamlc  acid  from  methanol  solution  with 
water,  followed  by  a  careful  precipitation  of  the  substance  from 
dilute  alkaline  solution  with  acid  In  the  presence  of  a  small  amount 
of  ethyl  acetate.  The  0  -substituted  a-benzamldoacrylhydroxamlc 
acids  obtained  In  this  manner,  based  on  the  elementary  analysis 
data  and  the  spectral  characteristics,  proved  to  be  quite  pure.  They 
represent  crystalline  compounds,  are  readily  soluble  In  aqueous 
alkali  solutions,  and  are  precipitated  on  acidification  of  the  alkaline 
solution.  They  are  easily  changed  If  heated  or  If  subjected  to  a 
prolonged  or  more  drastic  exposure  to  the  action  of  acids  or  alkalies. 

The  a-benzamldoacrylhydroxamlc  acids  give  characteristic 

green-colored  copper  salts.  Their  complexes  with  ferric  salts  show 

a  characteristic  absorption  spectrum  in  the  visible  region,  which  Is 

A  mji  Independent  of  the  substituent  in  the  0  -position  and  Is  Identical 

,,  ,  ,  ,  ,  -  for  all  of  the  members  obtained  by  us  In  this  series  (figure). 

Absorption  spectrum  of  the  complex  of  jo 

a-benzamIdo-0  -(3,4-methylenedloxy-  When  the  aqueous  alkaline  solutions  of  the  obtained  0  -sub- 

phenyl)acrylhydroxamlc  acid  (C  =  10"^)  stituted  a-benzamldoacrylhydroxamic  acids  were  acidified  to  dif- 
wlth  FeCls.  ferent  pH  values  we  observed  that  the  melting  points  of  the  re¬ 

sulting  precipitates  changed,  and  at  times  this  change  was  quite 
substantial.*  In  exactly  the  same  manner,  running  the  reaction  of  azlactones  with  hydroxylamlne  at  different 
temperatures  leads  to  obtaining  hydroxamlc  acids  that  have  somewhat  different  melting  points.  For  example, 
when  (Ila)  Is  obtained  under  conventional  conditions  (see ‘below)  its  m.p.  is  106-10T,  while  If  the  reaction  Is 
run  at  40-45*  the  obtained  compound  (Ila)  has  m.p.  128-130*.  This  phenomenon  is  most  probably  associated 
with  a  change  in  the  geometric  configuration  of  the  hydroxamlc  acid,  although  other  reasons  are  not  excluded. 
Similar  results  were  also  observed  for  some  glyoxalidones  and  oxazolones  [7-lOJ;  we  are  currently  studying  this 
problem  In  greater  detail. 

•  It  should  be  mentioned  that  In  general  the  melting  point  Is  not  a  sufficient  characteristic  for  hydroxamlc 
acids,  since  the  latter  do  not  have  a  sharp  melting  point,  but  Instead  show  vigorous  decomposition  in  a  narrow 
temperature  range. 
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The  0  -substituted  a-benzamidoacrylhydroxamic  acids  obtained  by  us  were  subjected  to  catalytic  hydro¬ 
genation.  It  proved  that  under  mild  conditions  these  compounds  smoothly  absorb  1  mole  of  hydrogen  and  are 
converted  to  the  corresponding  ot -benzoyl -0 -arylalanylhydroxamic  acids,  which  are  new.  The  method  described 
here  Is  a  very  convenient  way  of  preparing  them.  In  this  connection  it  Is  Interesting  to  mention  that  the  different 
specimens  of  the  same  0  -substituted  a-benzamldoacrylhydroxamlc  acid,  differing  In  melting  point  because  of 
repreclpltatlon  at  different  pH  values  (see  above),  all  give  a  0  -aryl-  a-benzoylalanylhydroxamlc  acid  with 
completely  Identical  properties. 

The  obtained  substituted  a-benzamidohydroxamic  acids  under  mild  hydrolysis  give  known  a-bcnzoyl-0  - 
arylalanlnes,  and  when  treated  with  10%  hydrochloric  acid  and  methanol  they  give  the  corresponding  esters.  For 
a  number  of  the  members  described  In  this  paper  we  prepared  the  last  two  types  of  compounds  both  for  the 
purpose  of  Identification  and  In  connection  with  their  antibacterial  action  (for  example,  a-benzamldocinnamic 
acid  Inhibits  the  growth  of  both  gram-positive  and  gram-negative  bacteria  In  concentrations  of  30  y  /ml).  They 
were  synthesized  In  conventional  manner,  l.e.  by  treating  the  azlactones  with  aqueous-alcoholic  caustic  to 
obtain  the  acids  [10],  or  with  methanol  In  the  presence  of  catalytic  amounts  of  alkali  to  obtain  the  esters  [10,11]. 

The  0  -substituted  a-benzamldoacrylic  acids  and  their  esters  obtained  In  this  manner  were  easily  converted 
to  a-benzoyl-0 -arylalanlne  derivatives  by  catalytic  hydrogenation  over  palladium  on  barium  sulfate, which  can 
possess  Independent  interest  as  a  method  of  synthesizing  oc-benzoyl-0 -arylalanlnes. 

The  earlier-known  reduction  methods -hydrogenation  over  platinum  at  3  atm  [12],  over  nickel  at  50-100 
atm  [13],  and  reduction  with  hydrlodlc  acid  [12]  <x  with  sodium  amalgam  [14]  —  are  less  convenient  and  give 
poorer  yields. 

The  discussed  transformations  can  be  depicted  by  the  following  general  scheme. 
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This  cycle  of  transformations  fully  proves  the  structure  of  the  a-benzoyl-0  -arylalanylhydroxamic  acids 
obtained  by  us  and  of  the  a-benzamIdo-0  -arylacrylhydroxamic  acids  serving  as  starting  substances  for  their  pre¬ 
paration,  and  consequently  also  clearly  demonstrates  the  course  of  the  reaction  of  azlactones  with  hydroxylamlne 
Investigated  by  us. 

Testing  of  the  obtained  0 -aryl-a-benzam  Idoacrylhydroxamic  acids,  done  by  M.  A.  Breger  In  the  Chemo¬ 
therapy  Section  of  our  Institute,  revealed  that  some  of  the  compounds  In  this  series  possess  definite  In  vitro  bac¬ 
teriostatic  activity  and  In  concentrations  of  50-100  y  /ml  Inhibit  the  growth  of  both  gram-negative  and  gram- 
positive  bacteria.  Of  the  obtained  compounds  the  most  active  are  (Ild),  (Ilf)  and  (Ilg). 
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EXPERIMENTAL 


Preparation  of  a  0.57N  methanol  solution  of  hydroxylamlne  acetate.  For  this, equal  volumes  of  an  8% 
methanol  solution  of  hydroxylamlne  hydrochloride  ard  a  12°Jo  methanol  solution  of  potassium  acetate  were  mixed 
and  the  potassium  chloride  removed  by  filtration. 

g-Benzamido-B  -arylacrylhydroxamic  acids.  A  mixture  of  0.03  g-mole  of  2-phenyl-4-arylldeneoxazolone 
and  200  ml  of  the  above  methanol  solution  of  hydroxylamlne  acetate  was  stirred  for  some  time.  In  the  case  where 
the  hydroxamlc  acid  precipitated,  It  was  filtered  and  the  filtrate  was  diluted  with  cold  water,  which  precipitated 
additional  compound.  If  the  acid  did  not  precipitate,  then  the  dilution  with  water  was  made  immediately  after 
reaction  was  ended  and  the  hole  allowed  to  stand  overnight  at  -10“ .  The  hydroxamlc  acid  was  next  dissolved 
with  cooling  In  5  %  sodium  hydroxide  solution,  the  solution  extracted  with  ethyl  acetate,  then  acidified  carefully 
to  pH  1-2,  the  precipitate  filtered,  then  washed  with  water  and  ethyl  acetate,  and  dried.  With  such  purification 
the  melting  point  of  the  hydroxamlc  acid  went  up  only  In  those  cases  where  the  starting  compounds  were  Insufflent- 
ly  pure  or  where  the  reaction  time  had  been  decreased  to  the  point  where  reaction  was  Incomplete.  The  data  on 
the  reaction  conditions  and  the  yields  and  constants  of  the  obtained  g-benzamldo-fl  -arylacrylhydroxamic  acids 
are  summarized  in  Table  1. 

The  obtained  hydroxamlc  acids  form  characteristic  dark-green  copper  salts,  from  which  they  can  be  quan¬ 
titatively  regenerated  by  decomposition  with  10%  sulfuric  acid  in  the  cold,  and  they  give  an  Intense  color  with 
ferric  chloride  solution,  having  a  characteristic  absorption  spectrum  (figure).  On  long  standing  some  of  the 
specimens  suffer  gradual  decomposition  with  the  evolution  of  nitrogen  oxides. 


TABLE  1 


Synthesis  of  g-Benzamido-fl -arylacrylhydroxamic  Acids  ArCH=CCONHOn 

I 

NlICOGcHs 


Ar 

Keanion  condi- 
iLons 

Yield 
(in  %) 

Melting 

point 

(decomp. 

Amount 

(in 

%) 

time 

(in  hours) 

temp. 

of 

melt- 
ingde- 
comp. ) 

11 

N 

found 

calc. 

fount 

calc. 

found 

calc. 

1 

18-20° 

87-94 

1  or,— 107° 

9.93 

9.92* 

p-cn^0C(in4 

12 

18-20 

82 

106—107 

— 

— 

— 

— 

8.80 

8.96 

3,4-CII.,0.,Cr.H4 

0.5-0.75 

45-50 

83 

91—93 

62.87 

62.57 

4.42 

4.29 

8.38 

8.58 

m-NO.,C„H4 

1 

18-20 

70 

110—112 

58.42 

58.66 

4.29 

4.00 

13.20 

13.14 

p-(Cll3),NC„il4 

0.5—0.75 

45—50 

90 

112—113 

66.47 

66.4  4 

5.95 

5.90 

12.93 

12.90 

p-HrColl4  •  • 

12 

18-20 

100 

114—115 

— 

— 

— 

— 

— 

— 

g-Furyl 

1 

18-20 

70 

119-120 

61.90 

61.75 

4.53 

4.44 

10.22 

10.28 

•Literature  [4]:  m.p.  128-130*. 

•  ‘Found  %t  Br  22. 10; calc.  22.12. 

g-Benzamldo-B  .6  -dlmethylacrylhydroxamlc  acid.  Obtained  In  the  same  manner  as  above  from  4. 3  g  of 
2-phenyl-4-isopropylideneoxazolone  and  100  ml  of  the  above nl escribed  methanol  solution  of  hydroxylamlne 
acetate.  The  clear  solution  was  evaporated  In  vacuo  to  a  sirup,  extracted  with  ethyl  acetate,  and  the  hydroxamlc 
acid  precipitated  from  the  extract  by  the  addition  of  petroleum  ether.  Colorless  crystals;  m.p.  134-138’;  yield 
3.0  g  (61%). 

Found  %c  C  61.65;  H  6.13.  C12H1P3N2.  Calculated  %e  C  61.53;  H  6.00. 

g-Benzamldo-  B  -arylalanylhydroxamlc  acids.  A  solution  of  0.03  g-mole  of  the  g-benzamldo-B  -aryl¬ 
acrylhydroxamic  acid  in  150  ml  of  methanol  was  hydrogenated  at  room  temperature  and  atmospheric  pressure 
using  5%  palladium  on  barium  sulfate.  After  1  mole  equivalent  of  hydrogen  had  been  absorbed  the  catalyst  was 
filtered, the  filtrate  evaporated  in  vacuo  at  30“  to  a  volume  of  30-50  ml,  and  the  residue  diluted  with  150  ml  of 
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water  and  allowed  to  stand  overnight  at  -10*,  The  precipitate  was  filtered  and  then  recrystallized  from  alcohol. 
The  data  on  the  a-benzoyl-fl  -arylalanylhydroxamic  acids  obtained  in  this  manner  are  summarized  in  Table  2. 
The  a-benzoyl-6  -arylalanylhydroxamic  acids  give  a  crimson  color  with  ferric  chloride. 

TABLE  2 

Synthesis  of  a-Benzoyl- 6  “arylalanylhydroxamic  Acids  ArCHjCHCONHOH 


NHCOC^Hj 


Ar 

Yield 
(in  %) 

Melting 

point 

N  Content  (in  %) 

found  1 

calculated 

QMg 

80 

1 

143-1440 

10.00 

9.85 

p  CII.,OCeH4 

70 

148-149 

8.92 

8.90 

U,4-CII.,0.^C<,H3 

70 

151—152 

8.23 

8.54 

P  (Cll3)2NColl4  • 

64 

167—168 

C  66.44 

66.03 

II  6.75 

6.47 

•This  compound  contains  NCH3  groups,  for  which  reason  the  nitrogen  de¬ 
termination  does  not  give  good  results. 

The  g-benzoyl-B  -phenyl  alanylhydroxamic  acid,  a)  A  suspension  of  5. 4  g  of  a-benzoyl-6  "phenyl- 
alanylhydroxamlc  acid  In  a  mixture  of  150  ml  of  10%  hydrochloric  acid  and  75  ml  of  methanol  was  refluxed 
for  1.5  hours  (until  the  test  with  ferric  chloride  was  negative),  after  which  the  methanol  was  vacuum  distilled, 
the  residue  made  alkaline  with  5%  caustic,  then  extracted  with  ether  and  die  water  layer  acidified;  we  obtained 

l.  9  g  (37%)  of  colorless  crystals  with  m.p.  178-180*.  The  mixed  melting  point  with  an  authentic  specimen  of 
a-benzoyl -phenylalanine  was  not  depressed.  Literature  [  15]:  m.p.  180-182’. 

The  ether  extracts  were  evaporated  to  give  2.8  g  (52%)  of  substance;  after  recrystallization  from  alcohol, 

m. p.  84-85*.  The  mixed  melting  point  with  an  authentic  specimen  of  the  methyl  ester  of  a-benzoyl-8  -phenyl- 
alalanine  was  not  depressed.  Literature  f  16]:  m.p.  86-8T. 

b)  A  solution  of  4  g  of  a-benzoyl-6  -phenylalanylhydroxamic  acid  In  a  mixture  of  40  ml  of  glacial 
acetic  acid  and  40  ml  of  10%  hydrochloric  acid  was  refluxed  for  30  minutes  and  then  cooled:  we  obtained  2. 3 
g  (62%)  of  a-benzoyl-6 -phenylalanine;  m.p.  178-180*  (from  alcohol). 

Hydrolysis  of  the  other  cfbenzoyl-6  -arylalanylhydroxamic  acids  in  a  similar  manner  gave:  a-benzoyl- 
6 -(p-methoxyphenyl)-alanine  (IVb)  (yield  95%;  m.p.  162-164*);  and  a-benzoyl •6-(3,4-methylenedloxyphenyl) 
alanine  (IVc)  (yield  83%;  m.p.  168-170’) 

Synthesis  of  a-benzamldoclnnamlc  acids.  A  solution  of  0.03  g-mole  of  2-phenyl-4-arylIdeneoxazolone 
in  150  ml  of  a  2%  sodium  hydroxide  solution  in  50%  methanol  was  refluxed  for  30  minutes,  then  cooled,  acid¬ 
ified  to  pH  5-5.5,  and  the  precipitate  filtered,  and  washed  with  water  and  then  with  ether.  Dilution  of  the 
mother  liquor  with  water  gave  a  second  yield  of  the  compound.  Both  yields  proved  to  be  quite  pure  and  did  not 
require  further  purification.  Using  the  same  method  we  obtained  a-benzamidoclnnamlc  acid  (Via)  (yield  92%; 
m.p.  228-230*,  from  alcohol),  a-benzamido-p-methoxycinnamic  acid  (VIb)  (yield  82%;  m.p,  220-222*, from 
alcohol),  a-benzamIdo-3,4-methylenedioxycinnamic  acid  (Vic)  (yield  quantitative;  m.p.  228-222*,  from 
aqueous  dioxane)  and  a-benzamido-p-dlmethylaminoclnnamlc  acid  (Vlf)  (yield  quantitative;  m.p.  212-21?, 
from  alcohol). 

Found  %c  C  70.06;  H  6.04;  N  9.11.  CijHigOjNz.  Calculated  %:  C  69.99;  H  5.86. 

Synthesis  of  a-benzoyl-6  -arylalanines.  The  a-benzamidocinnamic  acids  were  hydrogenated  in  meth¬ 
anol  over  5%  palladium  on  barium  sulfate  at  room  temperature  and  atmospheric  pressure.  Using  this  procedure 
we  obtained  (IVa),  (IVb),  (IVc)  and  (IVf)  in  quantitative  yields  (see  above  for  the  constants). 
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Synthesis  of  methyl  esters  of  oc-benzamidoclnnamlc  acids.  A  suspension  of  0.03  g-mole  of  2-phenyl- 
4-arylldeneoxazolone  in  100  ml  of  methanol,  containing  0.1  g  of  sodium  hydroxide,  was  stirred  at  room  tem¬ 
perature  for  2  hours.  The  color  of  the  precipitate  changed.  The  precipitate  was  filtered  and  washed  with  meth¬ 
anol;  dilution  of  the  methanol  mother  liquors  with  water  gave  an  additional  amount  of  the  substance.  Using  this 
procedure  we  obtained  methyl  a-benzamidocinnamate  (Vila)  (yield  93<7o;  m.p.  139-141",  from  methanol), 
methyl  a-benzamido-p-methoxycinnamate  (Vllb)  (yield  92<5o;  m.p.  141-142’,  from  methanol),  methyl  a- 
benzamIdo-3,4-methylenedloxycinnamate  (yield  quantitative;  m.p.  130-132*,  from  methanol)  and  methyl 
a-benzamldo-p-dimethylaminoclnnamate  (Vllf)  (yield  96  <70;  171-17^,  from  methanol). 

Synthesis  of  methyl  ester  of  a-benzoyl-S-arylalanInes.  The  methyl  esters  of  the  o-benzamidocinnamlc 
acids  were  hydrogenated  In  methanol  over  5®/o  palladium  on  barium  sulfate  at  room  temperature  and  atmospheric 
pressure.  With  this  procedure  we  obtained  the  methyl  esters  of  a-benzoyl-  0  -phenylalanine  (Va)  (yield 
m.p.  83-85"),  a-benzoyl-  0  -(p-methoxyphenyl)alanine  (Vb)  (yield  quantitative;  m.p.  55-5? ,  from  aqueous 
methanol)  and  a-benzoyl- 0  -  (3, 4-methylenedioxyphenyl )alanine  (Vc)  (yield  93‘7o;  m.p.  101-10?). 

SUMMA  RY 

1.  A  general  method  was  developed  for  the  synthesis  of  0  -aryl  -  a-benzamidoacrylhydroxamic  acids  in¬ 
volving  the  reaction  of  2-phenyl -4-arylideneoxazolones  with  hydroxylamlne  acetate  in  methanol  at  pH  5-6.5 
(yields  70-90%).  It  was  shown  that  this  method  is  also  suitable  for  the  synthesis  of  0  -alkyl-a-benzamldoacryl- 
hydroxamic  acids. 

2.  The  catalytic  hydrogenation  of  0  -aryl  -  a  -benzamidoacrylhydroxamlc  acids  gave  a-benzoyl-  0  - 
arylalanylhydroxamic  acids. 

3.  Tlie  structure  of  the  obtained  compounds  was  shown  by  their  hydrolysis  to  a  -benzoyl -0  -arylalanlnes 
and  their  esters. 

4.  It  was  shown  that  the  catalytic  hydrogenation  of  a-benzamidoclnnamic  acids  and  their  esters  over 
palladium  at  room  temperature  and  atmospheric  pressure  yields  the  corresponding  a -benzoyl -0 -arylalanlnes 
and  their  esters. 
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DERIVATIVES  OF  B IC  YCLO  [  1 , 2 , 2]  HEP  T  A  N  E 
V.  3-AMINOISOCAMPHANE  AND  RELATED  COMPOUNDS 

N.  K.  Kochetkov,  A.  Ya.  Khorlin  and  K.  I.  Lopatina 

Scientific -Research  Institute  of  Pharmacology  and  Chemotherapy 

A  recent  note  [1]  on  the  high  physiological  activity  of  3-methylaminolsocamphane  is  of  particular  interest 
because  among  compounds  of  this  type,  substances  with  ganglion -blocking  and  hypotensive  activity  have  not  pre¬ 
viously  been  known.  In  connection  with  prolonged  researches  in  our  laboratory  [2,3]  in  search  of  physiologically 
active  substances  in  the  bicyclo  [1,2,2]  heptane  series  we  also  have  developed  a  synthesis  of  3-methylaminoiso- 
camphane  and  for  the  purpose  of  obtaining  new  data  on  the  variation  of  ganglionic  blocking  and  hypotensive  ac¬ 
tivity  with  structure  in  the  bicyclo  [1,2,2]  heptane  series, we  have  synthesized  a  number  of  other  N -substituted 
3-amlnoisocamphanes.  There  is  in  the  literature  only  a  brief  account  of  the  synthesis  of  3-methylamlnolso- 
camphane  by  the  action  of  hydrogen  cyanide  on  camphane  "under  strongly  acidic  conditions  at  a  temperature 
not  above  5*”  with  subsequent  reduction  of  the  3-formamidoisocamphane  formed,  by  lithium  aluminum  hydride 
[4].  In  this  connection  we  made  a  detailed  investigation  of  the  behavior  of  camphane  under  the  conditions  of  die 
Ritter  reaction  [5,6]  at  low  temperatures,  and  it  was  found  that  camphane  condenses  with  hydrogen  cyanide  in 
the  presence  of  one  mole  of  concentrated  sulfuric  acid  at  (f  in  a  medium  of  dibutyl  ether,  acetic  acid  or  pro¬ 
pionic  acid,  giving  3-formamidoisocamphane  (I)  in  satisfactory  yields,  though  it  contains  a  considerable  quantity 
(20%)  of  N-lsoburnylformamlde  (II).  Thus,  in  this  case  the  reaction  follows  two  directions: 


(n) 


In  order  to  minimize  the  formation  of  the  isobornyl  derivative  it  proved  necessary  to  lower  the  temperature 
of  the  reaction  mixture  to-20  to  -15* and  allow  a  reaction  time  of  24  hours.  Optimal  reaction  conditions  were 
eventually  found,  diat  gave  a  yield  of  3-formamidoisocamphane  of  mcare  than  70% 


(ni) 

S=M{1),  CHCl,,  ccl, 
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A  disadvantage  of  the  method  is  the  necessity  to  use  highly  toxic  hydrogen  cyanide,  which  Is  particularly 
Important  where  large-scale  production  is  concerned.  For  this  reason  we  examined  other  methods  of  synthesis 
of  acyl  derivatives  of  3-amlnoisocamphane,  using  the  Ritter  reaction.  It  is  known  that  the  reaction  of  camphenc 
with  aceto-  and  benzonltriles  or  with  hydrogen  cyanide  under  the  Ritter  reaction  conditions  at  temperatures 
above  40*  is  accompanied  by  a  Wagner  rearrangement  and  leads  to  the  corresponding  N-acyl  derivatives  of  Iso- 
bornylamine  [5,6].  The  Wagner  rearrangement  takes  place  when  the  reaction  between  camphene  and  aceto-  or 
benzonltrile  is  carried  out  at  low  temperatures  (down  to  — 50“)  as  we  showed  by  special  experiments.  The  con¬ 
densation  of  camphene  with  benzyl  thiocyanate  under  the  Ritter  reaction  conditions  at  0“  also  takes  place  with 
the  Wagner  rearrangement  and  leads  to  the  corresponding  N-isobornylcarbamate  (II)  [7].  According  to  the 
literature  it  is  only  with  hydrogen  cyanide  at  low  temperatures  that  the  normal  condensation  product  (I)  can  be 
obtained.  Thus, substitution  of  hydrogen  cyanide  by  the  above-mentioned  nitriles  brings  about  a  marked  change 
in  the  results  of  the  reaction.  The  direction  that  the  reaction  follows  Is  consequently  strongly  dependent  on  the 
nature  of  die  cyanide  taking  part,  and  evidently  the  Wagner  rearrangement  does  not  take  place  when  the  nitrile 
group  of  the  cyanide  is  highly  active  It  is  well  known  that  the  nitrile  groups  In  compounds  containing  strongly 
electronegative  substituents  in  the  a-posltlon  are  of  high  activity  It  would  therefore  be  expected  that  by  using 
dichloro-  or  trlchloroacetonltrlle  in  the  Ritter  reaction  with  camphene  the  same  reaction  product  would  be  ob¬ 
tained  as  with  hydrogen  cyanide. 

This  idea  was  fully  confirmed  experimentally.  On  condensing  camphene  with  dichloro-  and  trlchloroaceto- 
nltrile  in  the  presence  of  concentrated  sulfuric  acid  at  temperatures  below  0* ,  3-dlchloroacetamldoIsocamphane 
(III,  R  =  CHCI2)  and  3-trlchloroacetamIdoisocamphane  (III,  R  =  CCls)  were  obtained  in  high  yields.  The  acyl 
amino  derivatives  (III)  (R=  CHCI2  or  CCls)  obtained  on  reduction  with  zinc  in  acetic  acid  or  alcohol  solution 
gave  3-acetamidolsocamphane  (III,  R  =  CHs)  which  on  hydrolysis  by  sodium  hydroxide  solution  in  a  mixture  of 
alcohol  and  ethylene  glycol  gave  3-aminoIsocamphane. 


The  benzoyl  derivative  of  the  latter  (IV),  prepared  by  the  Schotten -Baumann  method  was  completely 
identical  with  a  sample  of  3-benzamidolsocamphane  prepared  by  benzoylatlon  of  the  substance  formed  by  the 
hydrolysis  of  the  formyl  derivative (l).  This  proves  that  the  reaction  between  camphene  and  dichloro-  or  trlchloro- 
acetonitrile  does  in  fact  give  the  3-amInoisocamphane  derivative  ,  and  the  Ritter  reaction  In  this  case  proceeds 
without  a  Wagner  rearrangement.  This  fact  is  of  interest  in  connection  with  the  problem  of  the  mechanism  of 
the  Ritter  reaction,  however;  in  view  of  the  absence  of  any  quantitative  kinetic  data  it  is  not  possible  to  express 
any  conclusive  opinons  on  this. 

The  3-aminoisocamphane  derivatives  (I,  III  and  IV)  described  above. form  the  starting  materials  for  the 
synthesis  of  secondary  amines  of  this  series.  On  reducing  them  with  lithium  aluminum  hydride  the  corresponding 
3-methyl-  (V),  3-ethyl-  (VI)  and  3-benzylaminoisocamphane  (VII)  were  obtained  In  high  yields 


CHj  CH, 


■  lt=H(V),CHj(VI),CjH5{VIl). 
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Relationship  between  structure  and  ganglionic 
blocking  activity  in  the  isocamphane  amino- 
derivative  series* 
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*The  preparations  were  administered  to  cats 
Intravenously  without  narcosis. 

•  •  A  toxic  phenomenon  was  observed  —  in¬ 
terruption  of  breathing. 


It  is  interesting  to  note  that  when  only  a  50%  excess 
of  lithium  aluminum  hydride  was  used  for  the  reduction  of 
3-benzamidoisocamphane  (IV)  the  main  reaction  product 
proved  to  be  3-benzylideneaminoisocamphane,  the  hydro¬ 
lysis  of  which  gave  benzaldehyde  and  3-aminoisocamphane. 
The  desired  reduction  product  (VII)  could  be  obtained  in 
satisfactory  yield  only  when  a  7-10 -fold  excess  of  lithium 
aluminum  hydride  was  used. 

The  amines  (V-VII),  synthesized  in  this  way,  to  - 
gether  with  3-aminolsocamphane  Itself,  in  the  form  of 
their  hydrochlorides,  were  subjected  to  pharmacological 
evaluation  in  order  to  follow  the  effect  of  the  radical 
on  the  nitrogen  atom  on  physiological  activity.  In  order 
to  examine  the  question  of  the  effect  of  further  substitu¬ 
tion  in  the  amino  group,  3-methylethylaminoisocamphane 
was  prepared  by  methylation  of  3-ethylaminoisocamphane. 

The  results  of  the  evaluation,  carried  out  in  the 
Laboratory  of  Special  Pharmacology  of  the  Institute  of 
Pharmacology  and  Chemotherapy  of  the  Academy  of 
Medical  Sciences  USSR,  •  are  shown  In  the  table.  All 
the  preparations  lowered  the  blood  pressure  in  conformity 
with  the  periods  of  ganglionic  blocking  activity. 


Examination  of  the  table  shows  that  3-aminoiso¬ 
camphane  (No.  1)  possesses  a  strong  ganglionic  blocking 
activity,  considerably  greater  than  the  previously  known  gangllolytics  —  pentamine  [bis(bromoethylate)  of  sym- 
N,  N,  N-pentamethyldiethylenetriamine]  and  hexone  (hexamethylene  bis-triethylammonium  iodide).  This  ac¬ 
tivity  Is  almost  doubled  on  passing  to  3-methylaminolsocamphane  (No.  2).  Further  enlargement  of  radical  R"  leads, 
in  the  case  of  3-ethylaminolsocamphane,  to  a  decrease  in  activity  and  at  the  same  time, marked  toxicity  of  the 
preparation  arises.  In  the  case  of  3-benzyl -aminolsocamphane  (No. 4), the  ganglionic  blocking  activity  disappears. 
The  change  from  secondary  amines  (Nos.  2  and  3)  to  tertiary  (No..5)  Is  accompanied  by  considerable  loss  of  ac¬ 
tivity  (2-6  times). 


EXPERIMENTA  L 

3-Formamidoisocamphane  (I).  200  g  of  camphene  was  dissolved  at— 10-0’  In  80  ml  of  propionic  acid  and 
20.0  g  of  potassium  cyanide  was  added  to  the  resulting  solution  at  the  same  temperature  over  a  period  of  0.5 
hour,  with  vigorous  stirring.  The  mixture  was  then  cooled  to -20’ and  25  ml  of  98%  sulfuric  acid  was  added 
dropwlse  with  vigorous  stirring  over  a  period  of  2  hours,  keeping  the  temperature  below  -15*.  The  reaction  was 
kept  at  this  temperature  for  24  hours  after  which  it  was  poured  on  to  500  g  of  finely  ground  ice,  the  aqueous  layer 
was  separated  from  the  oily  material  floating  on  the  surface  by  means  of  a  siphon,  300  ml  of  water  was  added 
and  the  aqueous  solution  was  neutralized  with  sodium  bicarbonate.  After  1-2  hours  the  product  (I)  (26.0  g)  that 
crystallized  out  was  filtered  off,  washed  on  the  filter  with  water  and  dried  in  a  vacuum  desiccator  over  phosphorus 
pentoxlde  (m.p.  128-135’).  After  recrystallizing  from  petroleum  ether  (b.p.  70-100’)  18.5  g  (76%)  of  a  colorless, 
crystalline  material,  m.p.  157-160’ *was  obtained;  after  three  recrystallizations,  m.p.  173-176’.  According  to 
the  literature;  m.p.  173-176  [4]. 

3-DichloroacetamidoIsocamphane  (III,R=CHCl2).  20  ml  of  98% sulfuric  acid  was  added  with  stirring,  at 
a  temperature  not  above -IS",  over  a  period  of  1-1.5  hours  to  a  solution  of  44.  3  g  of  camphene  and  43.0  g  of 

'♦The  authors  take  this  opportunity  of  expressing  their  deep  gratitude  to  Yu.  V.  Uranov  for  placing  the  experi¬ 
mental  results  at  their  disposal. 

•  •The  3-formamidoIsocamphane  of  m.p,  157-160  was  fairly  pure  because  on  reduction  it  gave  3-methylamino- 
isocamphane  in  high  yield,  identical  with  that  described. 


to  a  solution  of  160  g  of  3-trichloroacetamIdoisocamphane  in  600  ml  of  glacial  acetic  acid,  care  being  taken 
not  to  allow  the  temperature  of  the  reaction  mixture  to  rise  above  80".  At  the  end  of  the  exothermic  period, the 
mixture  was  heated,  with  stirring,  on  a  boiling  water  bath  for  1  hour,  the  precipitate  was  then  filtered  off,  the 
filtrate  diluted  with  I  500  ml  of  water,  the  aqueous  layer  separated  from  the  supernatant  oily  material  by  means 
of  a  siphon,  diluted  with  a  further  1  000  ml  of  water  and  the  aqueous  solution  neutralized  with  sodium  carbonate. 
The  3-acetamidoisocamphane,  that  crystallized  out  after  some  time,  was  filtered  off,  washed  on  the  filter  with 
water,  dried  in  a  vacuum  desiccator  over  phosphorus  pentoxide  and  recrystallized  from  petroleum  ether  (b.p. 
70-100").  Yield  68.0  g;  m.p.  131-132?’.  Mixed  melting  point  with  N-isobornylacetamide  (m.p.  140-141* ) ” 
102-104". 

B.  20.0  g  of  zinc  dust  was  added  to  a  solution  of  6.0  g  of  3-dichloroacetamfdoIsocamphane  in  50  ml  of 
glacial  acetic  acid  and  the  mixture  was  heated  at  80-90"  for  6  hours.  3-Acetamidoisocamphane  was  isolated 
and  purified  as  described  above.  Yield  3.2  g  (72%);  m.p.  131-132?’. 

Found  %t  C  73.70,  73.81;  H  11.05,  11.04.  CijHziON.  Calculated  %:  C  73.79;  H  10.84. 

Colorless  crystals,  readily  soluble  in  ether,  alcohol  and  benzene,  soluble  with  difficulty  in  pettoleum  ether. 

3-Aminoisocamphane.  10  g  of  3-acetamidolsocamphane  was  added  to  a  solution  of  20  g  of  sodium  hydro¬ 
xide  in  a  mixture  of  100  ml  of  ethylene  glycol  and  15  ml  of  ethanol  and  the  solution  obtained  was  refluxed  for 
50  hours.  The  reaction  mixture  was  then  steam  distilled,  the  distillate  extracted  with  ether,  the  ethereal  extract 
dried  over  sodium  hydroxide,  evaporated  to  50  ml  and  saturated  with  dry  hydrogen  chloride;  3-amInoisocamphane 
hydrochloride  separated  and  was  filtered  off,  washed  on  the  filter  with  absolute  ether  and  dried  In  a  vacuum  de¬ 
siccator  over  solid  alkali.  Yield  5.1  g  (52.5%);  decomposition  temperature  ~  320"  (rapid  heating). 

Found  %:  Cl  18.66,  18.83.  CioH^NCl.  Calculated  %:  Cl  18.69. 

The  mother-liquor  from  the  3-aminoisocamphane  hydrochloride  was  washed  with  bicarbonate  solution, 
dried  over  calcium  chloride  and  the  solvent  was  distilled  off.  The  residue  yielded  4.0  g  (40%)  of  the  initial 
3-acetamidolsocamphane;  m.p.  130-131". 

3-Benzamidoisocamphane.  A.  5. 1  g  of  3-amlnolsocamphane  hydrochloride  was  dissolved  in  20  ml  of 
water,  10%  aqueous  alkali  was  added  and  the  amine  that  separated  was  benzoylated  by  the  addition  of  benzoyl 
chloride.  The  3-benzamidoIsocamphane  that  separated  was  filtered  off,  washed  on  the  filter  with  10%  alkali 
and  water,  and  recrystallized  from  60%  ethanol.  Yield  6.5  g  (98%);  m.p.  122-123’. 

B.  1.0  g  of  3-formamidoIsocamphane  of  m.p.  157-160*  was  hydrolyzed  by  refluxing  for  50  hours  with  3  g 
of  sodium  hydroxide  in  20  ml  of  ethylene  glycol  and  5  ml  of  ethanol.  The  solution  was  then  diluted  with  100  ml 
of  water  and  the  3-aminoisocamphane  and  3-formamidoisocamphane  were  extracted  with  ether,  the  ethereal 
extract  was  washed  with  30  ml  of  5%  hydrochloric  acid,  the  aqueous  portion  made  alkaline  and  the  amine  that 
separated  was  benzoylated  by  the  Schotten-Baumann  method.  Yield  of  3-benzamldoIsocamphane,  0.74  g  (46.4%); 
m.p.  122-122r  (from  aqueous  alcohol).  A  mixture  of  the  products  from  methods  A  and  B  gave  no  melting  point  de¬ 
pression.  According  to  the  literature  m.p.  125"  [8]. 
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Found  %:  C  79.06,  79.08;  H  9.22,9.16.  CjtHjPN.  Calculated  C  79.33;  H  9,14. 

3-Methylamlnolsocamphane  (V).  11.7  g  of  3-formanidoisocamphane,  of  m.p.  157-160",  was  added  to 

a  solution  of  lithium  aluminum  hydride  prepared  from  32  g  of  lithium  hydride  and  27.0  g  of  aluminum  bromide 
In  100  ml  of  absolute  ether  and  the  mixture  was  refluxed  gently  with  stirring  for  5-6  hours.  The  reaction  mixture 
was  then  cooled  in  Ice-water  and  200  ml  of  aqueous  sodium  hydroxide  was  added.  The  ethereal  layer  was 
separated,  the  aqueous  layer  extracted  3-5  times  with  ether,and  the  extracts,  combined  with  the  main  portion, 
were  dried  over  solid  alkali.  After  removal  of  the  solvent  the  residue  was  distilled,  the  fraction  boiling  at 
95-96"  (10  rnm)  being  collected.  Yield  9.8  g  (92%). 

np^®  1.4875.  From  [4]:  b.p.  7?  (4  mm),  1.4881. 

The  hydrochloride  was  prepared  in  ether,  the  yield  was  quantitative. 

B.p.  243-245"  (decomp. ).From  [4]:  b.p.  243-246"  (decomp.). 

Found  <7o;  Cl  17.35,  17.32.  C11H22NCI.  Calculated  <y(t  Cl  17.49. 

3-EthylamInoIsocamphane  (VI).  This  was  prepared  similarly  by  the  reduction  of  9.5  g  of  3-acetamido- 
Isocamphane  for  6  hours  with  lithium  aluminum  hydride  (from  3.2  g  of  lithium  hydride  and  27.0  g  of  aluminum 
bromide  In  140  ml  of  absolute  ether).  The  dried  ethereal  extracts  were  evaporated  to  40-50  ml  and  saturated 
with  dry  hydrogen  chloride.  The  3-ethyiaminoisocamphane  hydrochloride  that  precipitated  was  filtered  off, 
washed  with  absolute  ether  and  recrystallized  from  absolute  alcohol.  Yield,  9.0  g  (85,4%);  m.p,  254-255". 

Found  %  Cl  16.45;  16.43.  Ci2H24NCl.  Calculated  %  Cl  16.28. 

Colorless  plates,  soluble  with  difficulty  in  cold  water  and  in  alcohol;  insoluble  In  ether. 

3-BenzylamInoIsocamphane  (VII).  This  compound  was  synthesized  and  isolated  in  the  form  of  tlie  hydro¬ 
chloride  In  a  similar  manner  to  that  described  above.  4.0  g  of  3-benzamIdoisocamphane  was  reduced  with 
lithium  aluminum  hydride  (1,0  g  of  lithium  hydride  and  8.0  g  of  aluminum  bromide  In  50  ml  of  absolute  alcohol 
by  means  of  ether,  3. 1  g  (74%)  of  3-benzylamInoisocamphane  of  m.p.  198-198.5"  was  obtained. 

Found  %:  Cl  12.55,  12.48.  C„H26NC1.  Calculated  %:  Cl  12.67. 

Colorless  crystals,  moderately  soluble  in  water,  readily  soluble  in  alcohol  and  of  poor  solubility  in  ether. 

3-MethylethylaminoIsocamphane.  40  ml  of  10%  sodium  hydroxide  solution  was  added  to  a  suspension  of 
5.0  g  of  3-ethylaminoisocamphane  hydrochloride  in  50  ml  of  ether  and  the  mixture  was  shaken  until  the  solid 
hydrochloride  had  completely  disappeared.  The  ethereal  solution  of  3-ethylaminoisocamphane  obtained  was 
dried  over  alkali,  filtered  and  the  solvent  removed.  The  base  obtained  was  mixed  with  10  ml  of  methyl  iodide, 
after  24  hours  the  mixture  was  diluted  with  30  ml  of  absolute  ether  and  the  precipitate  formed  was  filtered  off 
(5.2  g),  this  was  dissolved  in  water,  40%  alkali  solution  was  added  to  give  a  distinct  alkaline  reaction  and  the 
base  that  separated  was  treated  with  15  ml  of  acetyl  chloride  to  remove  unreacted  secondary  amine.  The  acetyl 
derivative  formed  and  the  tertiary  amine  were  then  extracted  with  ether,  the  ethereal  extracts  dried  over  solid 
alkali,  filtered  and  evaporated  to  20  ml.  Saturation  of  the  ethereal  solution  obtained,  with  dry  hydrogen  chloride, 
yielded  2,0  g  of  3-methylethylaminoisocamphane  of  m.p.  238-240",  After  recrystallization  from  absolute  alcohol, 
m.p.  245-24T. 

Found  %:  Cl  15.57.  Ci3H26NCl.  Calculated  %:  Cl  15.30. 

Colorless  leaves,  readily  soluble  in  water  and  aqueous  alcohol,  moderately  soluble  in  absolute  alcohol, and 
insoluble  in  ether. 


SUMMARY 

1.  The  synthesis  of  some  derivatives  of  3-aminoisocamphane  has  been  achieved  and  the  question  of  the 
relationship  between  physiological  activity  and  structure  in  this  series  of  compounds  Is  discussed. 

2.  It  is  shown  that  trichloro-  and  dichloroacetonitrlle  react  with  camphene  under  the  conditions  of  the 
Ritter  reaction,  at  low  temperatures,  without  a  Wagner  rearrangement  taking  place. 
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THE  ACTION  OF  MERCURY  SALTS  ON  2  -  M  E  T  H  YL  -  4  -  P  H  EN  YLB  U  T  Y  N  E - 


3-  DIOL-1,2 

A.  Fabritsy  and  S.  Goshchinskii 
Silesian  Polytechnic  Institute,  Poland 


The  reactions  with  mercuric  chloride  and  with  sulfuric  acid  of  a-glycols  of  the  acetylenic  series,  contain¬ 
ing  a  primary  and  tertiary  hydroxyl  group,  have  been  studied  previously  for  the  case  of  2,4-dlphenylbutyne-3- 
diol-1,4  (unsym -phenyl -phenylacetylenylethylene  glycol)  [1].  From  this  glycol,  2,4  -diphenylfuran  was  ob¬ 
tained  by  the  action  of  mercuric  chloride  in  alcoholic  solution,  whereas  sulfuric  acid  in  alcoholic  solution  con¬ 
verted  this  glycol  to  its  half  ether  —  2,4-diphenyl-2-ethoxybutyne-3-ol-l  and  partly  to  2,4-dlphenylfuran. 

By  the  action  of  a  mercury  salt  on  an  acetylenic  glycol  with  a  secondary  and  a  tertiary  hydroxyl  group  ” 
2-methyl-l,4-diphenylbutyne-3-diol-l,2  “•  one  of  us  in  collaboration  with  D.  Venus -Danilova  [2]  isolated 
an  intermediate  product  from  the  reaction  between  the  glycol  and  mercuric  chloride  —  3-methyl-2,5-dlphenyl- 
4-chloromercurifuran,  which  subsequently  became  converted  to  3-methyl-2,5-dlphenylfuran. 

In  the  case  of  other  secondary -tertiary  acetylenic  a-glycols —3-methyl-5-phenylpentyne-4-dlol-2, 3  and 
l,2,4-triphenylbutyne-3-dlol-l,2  ~  no  intermediate  products  were  Isolated  from  the  reaction  with  mercuric 
chloride,  but  only  the  end  products  of  the  reaction  were  examined  “  2, 3-dimethyl -5 -phenylfur an  and  2,3,5-trl- 
phenylfuran  [3,4]. 

For  the  purpose  of  examining  the  possibility  of  forming  similar,  Intermediate,  6  -mercurated  furan  derivatives 
from  the  reaction  between  mercuric  chloride  and  primary-tertiary,  acetylenic  a-glycols  also,  we  have  investi¬ 
gated  the  reaction  between  uns-methylphenylacetylenylethylene  glycol  (2-methyl-4-phenylbutyne-3-diol-l,2) 

(I)  and  mercuric  chloride.  The  glycol  (I)  was  prepared  by  the  Zh.  L  lotsich  reaction  from  acetol  and  phenyl - 
acetylenyl  magnesium  bromide. 

A  preliminary  experiment  on  the  action  of  mercuric  chloride  on  the  acetylenic  glycol  (I)  (in  equimolar 
ratio)  under  the  conditions  used  previously  [2]  showed  that  the  crystalline  precipitate  that  appeared  initially 
disappeared  rapidly  on  warming  and  the  final  product  consisted  of  4-methyl -2-phenylfuran  (III)  contaminated 
with  the  organomercury  compound. 

The  comparatively  low  yield  of  4-methyl -2-phenylfuran  (46. 8*70)  can  be  explained, presumably,  by  partial 
mercuration  of  the  4 -methyl -phenylfuran  formed,  which  contains  no  substituent  in  the  a-position.  The  sub¬ 
stituted  furans  prepared  previously  [2-4]  contained  radicals  in  the  a-posltion. 

It  is  known  from  the  literature  [5]  that  mercury  adds  on  to  the  0  -position  in  furan  with  considerably  more 
difficulty  than  to  the  a-position.  The  preparation  by  L.  A.  Pavlova  [1]  of  2,4-diphenylfuran  in  higher  yield  by 
the  action  of  mercuric  chloride  on  2,4-diphenylbutyne-3-diol-l,2  is  evidently  explained  by  the  lower  reactivity 
of  2,4-diphenylfuran  in  comparison  with  4-methyl -2-phenylfuran. 

In  order  to  avoid  the  side  reaction  of  mercuration  of  4-methyl-2-phenylfuran,  hydrochloric  acid  was  added 
in  an  experiment  on  the  reaction  of  the  acetylenic  glycol  (I)  with  mercuric  chloride,  in  this  case  4-methyl-2- 
phenylfuran  was  obtained  in  the  pure  state  and  in  higher  yield  (65%).  However,  it  was  not  possible  to  increase  the 
yield  further  because  of  the  sensitivity  of  this  furan  (III)  to  strong  acid.  Although  addition  of  hydrochloric  acid 
eliminates  mercuration  of  furan  (III)  to  the  a-chloromercurifuran  (IV)  it  also  promotes  partial  reslnlfication  of 
the  furan  (III). 
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The  crystalline  material  that  separates  Immediately  when  equimolar,  alcoholic  solutions  of  2-methyl- 
4-phenylbutyne-3-dlol-l,2  and  of  mercuric  chloride  are  mixed  at  room  temperature  without  addition  of  hydro¬ 
chloric  acid,  contains  chlorine  and  mercury  but  no  hydroxyl  group  Is  detected.  On  heating  In  the  presence  of 
hydrochloric  acid  It  forms  4-methyl  “2-phenylfuran  (III),  which  has  been  described  In  the  literature  [6],  From 
analysis  and  from  diis  conversion  to  4-methyl -2-phenylfuran  It  can  be  stated  that  the  first  product  from  the  re¬ 
action  between  2-methyl-4-phenylbutyne-3-dlol-l,2  (I)  and  mercuric  chloride  Is  the  6-mercurated  furan  — 
4-methyl-2-phenyl-3-chloromercurifuran  (II).  This  compound  Is  Isomeric  with  the  ot-mercurated  4-methyl- 
2-phenyl-5-chlc«omercurifuran  (IV)  [6]  prepared  by  us  by  the  action  of  mercuric  chloride  on  4-methyi-2-phenyl- 
furan  In  the  presence  of  sodium  acetate. 
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6  -Mercurated  furans  which  do  not  contain  a  substltutent  at  one  of  the  a-positlons  are  comparatively  rare 
compounds  because  direct  mercuration  of  furans  leads  to  the  formation  of  a-chloromercurlfurans.  Previously 
there  was  only  one  method  for  the  preparation  of  S  -chloromercurifurans,  through  the  mercury  salt  of  the  corres¬ 
ponding  carboxylic  acid  (of  the  pyromucic  acid  type)  [7].  This  reaction  of  primary-tertiary  and  secondary -ter¬ 
tiary  acetylenic  a-glycols  Is  a  new,  convenient  method  for  the  preparation  of  the  conespondlng  &  -chloro¬ 
mercurifurans  and  furthermore  It  confirms  the  general  scheme  of  reaction  between  acetylenic  a-glycols  and 
mercury  salts  put  forward  by  E.  D.  Venus-Danllova  and  one  of  us  [2]. 


In  addition  to  mercuric  chloride  the  action  of  mercuric  sulfate  and  of  sulfuric  acid  on  alcoholic  solutions 
of  the  glycol  (I)  was  also  studied.  In  the  first  case  a  small  quantity  of  sulfuric  acid  was  added  to  suppress  the 
mercuration  reaction;  formation  of  the  Intermediate  product  was  not  observed  and  only  4-methyl -2-phenyl - 
furan  was  isolated.  In  the  second  case.  In  contrast  to  the  transformation  of  phenyl -phenylacetylenylethylene 
glycol  [1],  our  glycol  (I)  remained  unchanged. 

EXPERIMENTAL 

Preparation  of  2  -  Me  thy  1  -  4 -Ph  eny  Ibut  yne  -  3 -D  lol  -  1 , 2  ( Uns  -  Methylphenyl  acetylenyl - 
ethylene  Glycol )  (I). 

37  g  of  freshly  distilled  acetol  [8]  was  added  with  stirring  and  water  cooling  to  an  ethereal  solution  of 
phenylacetylenylmagneslum  bromide  prepared  In  the  usual  way  (from  30  g  of  magnesium,  140  g  of  ethyl 
bromide  and  125  g  of  phenyl  acetylene).  On  the  following  day  the  product  was  decomposed  with  dilute  hydro¬ 
chloric  acid  and  the  ethereal  extract  was  washed  with  sodium  carbonate  solution  and  water.  The  glycol  separated 
partially  on  washing  the  ethereal  layer  and  for  this  reason  It  was  found  best  to  wash  with  warm  water.  After 
drying  and  coolingtthe  bulk  of  the  glycol  separated  from  the  ether  (38  g)  and  after  removal  of  the  ether  a  further 
18  g  of  somewhat  impure  product  was  obtained.  Recrystalllzatlon  from  ether  yielded  52  g  (59%)  of  the  glycol, 
of  m.p.  110-lir.  This  compound  reacted  vigorously  with  methylmagneslum  Iodide  and  decolorized  potassium 
permanganate  solution  and  a  solution  of  bromine  In  chlc^oform,  rather  slowly.  On  heating  with  potassium 
carbonate  [9]  to  270’,  phenylacetylene  was  liberated  and  was  detected  by  its  reaction  with  silver  oxide  In  am¬ 
monia  solution. 


Found  %  C  75.22,  75.23;  H  6.87  ,  7.09;  OH  19.60,  M  183  (from  Rast)  CnHuOj.  Calculated  %;  C  75.00; 
H  6.81;  OH  19.32.  M  176. 
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Action  of  Mercuric  Chloride  on  Uns-Methylphenylacetylenylethylene  Glycol* 

Experiment  1.  On  mixing  an  alcoholic  solution  of  5  g  of  the  glycol  with  7. 7  g  of  mercuric  acetate  In  50 
ml  of  96  <70  ethyl  alcohol,  a  white,  silky  precipitate  began  to  separate  Immediately  and  the  whole  mass  rapidly 
thickened.  On  refluxing  on  the  water  bath,  the  precipitate  dissolved  and  after  refluxing  for  2  hours  the  solution 
was  poured  Into  water,  the  product  extracted  with  benzene  and  dried  over  sodium  sulfate.  The  product  was 
distilled  In  vacuo  after  removal  of  the  benzene.  2. 1  g  of  product  of  b.p.  120-122’  (14  mm),  which  crystallized 
rapidly,  was  obtained.  A  considerable  quantity  of  resin  was  left  In  the  distillation  flask,  and  mercury  and 
mercuric  chloride  separated  out  towards  the  end  of  the  distillation.  After  recrystalllzatlon  from  methyl  alcohol 
the  product,  which  had  an  odor  reminiscent  of  that  of  dlphenylmethane,  melted  at  42-4Gf .  The  product  did  not 
contain  chlorine,  mercury  or  hydroxyl  groups  and  did  not  react  with  2,4-dlnltrophenylhydrazone. 

Found  C  88.18,  88.26;  H  6.52,  6.48.  M  160.8.  CuHioO.  Calculated  %:  C  88.51;  H  6.37.  M  158. 

Judging  by  Its  properties  and  the  analytical  data. this  material  Is  4-methyl-2-phenylfuran  (III),  which  Is 
described  In  the  literature  [6].  Yield  46. 8<^ 

Mercuratlon  of  the  4-methyl-2-phenylfuran  was  carried  out  In  order  to  confirm  Its  structure  and  to  elucidate 
the  nature  of  the  substance  that  crystallizes  out  In  the  early  stages  of  the  reaction,  contains  mercury,  and  Is 
present  as  an  Impurity  In  the  main  product .  Sodium  acetate  dissolved  in  10  ml  of  methyl  alcohol  was  added  to 
a  solution  of  1  g  of  4-methyl-2-phenylfuran  and  1.5  g  of  mercurla  chloride  In  15  ml  of  ethyl  alcohol.  A  crys¬ 
talline  precipitate  soon  began  to  separate  and  Increased  In  quantity  over  a  period  of  24  hours.  After  recrystal¬ 
lization  of  the  precipitate  from  methyl  alcohol,  colorless,  needle-shaped  crystals  of  m.p.  170-171*  were  ob¬ 
tained.  A  melting  point  of  171*  Is  quoted  In  the  literature  [6]  for  4-methyl-2-phenyl-5-chloromercurifuran  but 
no  analysis  or  evidence  of  structure  was  quoted  for  this  substituted  a-chloromercurlfuran. 

Found  Hg  51.10,  51.24;  Cl  8.82,  9.08.  M  395f rom RastlCuHgOClHg.  Calculated  Hg  51.01; 

Cl  9.02.  M  393. 

In  view  of  the  presence  of  a  reactive  a-positlon  in  4-methyl-2-phenylfuran,the  material  of  m.p.  170-17T 
must  be  considered  to  be  the  a-isomer,  4-methyl-2-phenyl-5-chloromercurifuran  (IV). 

When  4-methyl-2-phenylfuran  (1  g)  was  allowed  to  stand  for  1  month  with  maleic  anhydride  (1.5g)  In  20 
ml  ether  another  condensation  product  was  obtained  in  the  form  of  colorless  crystals,  decomposing  at  lOO-lO?*. 

Found  C  70.30;  H  4.77.  C15H1P4.  Calculated  C  70.31;  H  4.69. 

Thus, the  end  product  of  the  reaction  between  mercuric  chloride  and  the  actylenlc  glycol  (I)  Is  4-methyl- 
2-phenylfuran. 

Experiment  2.  The  preceding  experiment  was  repeated  starting  from  1  g  of  the  acetylenic  glycol  (I)  and 
1.35  g  of  mercuric  chloride.  The  benzene  extract  was  divided  Into  two  portions.  In  the  first  portion  0.04  g  of 
mercury  was  found,  indicating  the  presence  of  15%  of  the  a-mercurated  furan  (IV).  On  evaporating  the  bulk 
of  the  benzene  from  the  second  portion, a  small  quantity  of  crystalline  material  of  m.p.  170"  (from  methyl 
alcohol)  separated,  this  gave  no  melting  point  depression  with  4-methyl-2-phenyl-5-chloromercurlfuran  (IV) 
prepared  by  the  action  of  mercuric  chloride  on  4-methyl -2 -phenylfuran  (III)  In  the  presence  of  sodium  acetate 
(Experiment  1). 

Hence, the  main  product  from  the  reaction  of  the  acetylenic  glycol  (I)  with  mercuric  chloride  Is  4-methyl 
2 -phenylfuran  (III)  contaminated  with  its  mercurated  product  —  the  a-chloromercurifuran  (IV). 

Experiment  3.  Experiment  2  was  repeated,  but  with  the  addition  of  1  ml  of  concentrated  hydrochloric  acid 
In  10  ml  of  ethyl  alcohol  to  the  reaction  mixture.  Only  a  trace  of  mercury  (0.0025  g)  was  found  In  the  benzene 
extract.  This  indicates  that  hydrochloric  acid  retards  the  mercuratlon  of  4-methyl-2-phenylfuran  because  the 
quantity  of  the  a-chloromercurifuran  impurity  Is  reduced  from  15  to  0.5  % 

Experiment  4.  Experiment  1  was  repeated  but  with  the  addition  of  5  ml  of  concentrated  hydrochloric  acid; 

In  these  circumstances  the  characteristic  odor  of  4-methyl -2-phenylfuran  arose  Immediately.  2.9  g  (64.6%)  of 
4-methyl-2-phenylfuran  of  b.p.  119-121"  (13  mm),  m.p.  43-44*,  was  Isolated. 

Hence, hydrochloric  acid  accelerates  the  decomposition  of  4-methyl-2-phenyl-3-chloromercurlfuran  (II) 

•All  experiments  were  carried  out  In  a  flask  with  a  reflux  condenser,  with  stirring. 
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(the  Initial  product  from  the  reaction  of  the  glycol  with  mercuric  chloride)  and  increases  the  yield  of  4-methyl- 
2-phenylfuran,  retarding  its  mercuration  to  the  a-chloromercurifuran  (IV). 

Experiment  5.  From  5  g  of  the  glycol,  1.9  g  of  mercuric  chloride  (1:0.25  moles),  50  ml  of  alcohol  and 
5  ml  of  concentrated  hydrochloric  acid,  2.85  g  (63.6%)  of  4-methyl-2“phenylfuran  were  obtained  imder  the 
conditions  of  Experiment  4. 

Thus, a  reduction  in  the  quantity  of  mercuric  chloride  does  not  affect  the  yield  of  4-methyl -2-phenylfuran. 

Experiment  6  was  carried  out  with  the  object  of  Isolating  the  primary  product  formed  in  the  reaction  be¬ 
tween  the  glycol  and  mercuric  chloride.  By  mixing  solutions  of  5  g  of  the  glycol  and  7. 7  g  of  mercuric  chloride 
in  a  total  volume  of  50  ml  of  ethyl  alcohol  and  allowing  the  mixture  to  stand  for  3  hours  at  room  temperature,  a 
light,  lustrous,  crystalline  precipitate  was  obtained,  which  was  washed  on  the  filter  with  a  small  quantity  of 
alcohol.  6.2  g  of  a  colorless  substance  was  Isolated  in  the  form  of  thin,  long  needles,  dissolving  readily  in  acetone 
and  with  difficulty  In  cold  benzene  and  alcohol.  After  recrystallization  the  material  did  not  melt  up  to  200*, 
above  this  temperature  it  gradually  darkened  and  charred,  it  contained  chlorine  and  mercury  and  did  not  contain 
hydroxyl  groups.  On  refluxing  with  alcohol  for  1  hour  (2  g  of  product  +  20  ml  of  alcohol)  it  remained  unchanged 
and  crystallized  out  on  cooling.  On  adding  hydrochloric  acid  (1  ml)  to  a  suspension  of  the  material  in  alcohol, the 
odor  of  4-methyl -2-phenylfuran  arose  immediately.  After  heating  and  adding  sodium  acetate  (3  g  in  10  ml  of 
water)  to  the  solution  a  crystalline  material  of  m.p.  170-171"  (from  alcohol)  was  isolated,  giving  no  melting- 
point  depression  with  the  product  obtained  by  the  action  of  mercuric  chloride  on  4 -methyl -2-phenylfuran. 

Found  %:  Hg  51.20,  50.96;  Cl  9.14,  9.00  M  381  (from  Hast)  CnHgClHg.  Calculated  %:  Hg  51.01;  Cl  9.02. 

M  393. 

Judging  from  its  properties  and  from  the  analytical  data, the  product  Is  the  8  -chloromercurlfuran ,  not 
described  In  the  literature  —  4-methyl-2-phenyl-3-chloromercurifuran  (II)  —  Isomeric  with  4-methyl-2-phenyl- 
5-chloromercurifuran  prepared  by  direct  mercuration  of  4-methyl -2-phenylfuran.  Yield,  quantitative. 

Action  of  Mercuric  Sulfate  on  Uns  -  Me  th  ylph  en  yl  ace  ty  leny  le  th  y  lene  Glycol 

Two  experiments  were  carried  out  starting  from  5  g  of  the  glycol  and  2. 1  g  of  mercuric  sulfate  (1:0.25 
moles)  and  from  5  g  of  the  glycol  and  4.2  g  of  mercuric  sulfate  (1:0.5  moles).  The  quantity  of  alcohol  in  both 
experiments  was  50  ml.  In  order  to  eliminate  mercuration  of  the  furan  (III),1  ml  of  sulfuric  acid  was  added. 

The  bulk  of  the  mercuric  sulfate  did  not  dissolve.  After  refluxing  for  2  hours  the  precipitate  was  filtered  off  and 
washed  with  benzene.  The  alcoholic  solution  was  diluted  with  water  and  extracted  wtih  benzene  and  after 
evaporation  of  the  solvent  and  distillation  of  the  residue  In  vacuo,2.5  g  (55.7%)  of  4-methyl-2-phenylfuran  of 
m.p.  43-44*  was  obtained  in  both  cases. 

Hence, in  this  case  again  a  substituted  furan  Is  obtained  from  the  glycol  and  the  quantity  of  mercuric 
sulfate  taken  does  not  affect  the  yield  of  product. 


SUMMARY 

1.  A  primary-tertiary  acetylenic  a-glycol  —  uns -methylphenylacetylenylethylene  glycol  (2-methyl-4- 
phenylbutyne-3-dlol-l,2),  that  has  not  previously  been  described  In  the  literature,  has  been  synthesized  and  its 
reaction  with  mercuric  chloride  and  sulfate  has  been  studied. 

2.  It  was  found  that  in  the  reaction  with  mercuric  chloride  this  glycol  forms  as  an  Intermediate  product 
a  8  "mercurated  furan  —  4-methyl -2-phenyl -3-chloromercurifuran,  isomeric  with  the  ct-mercurated  furan,  4- 
methyl  -2-phenyl  -5  -chloromercurlfuran. 

3.  A  new,  convenient  method  has  been  found  for  the  preparation  of  8  -mercurated  furans,  not  substituted 
in  the  a -position,  which  cannot  be  prepared  by  direct  mercuration  of  furans  and  which  consequently  are  not 
readily  available  compounds. 

4.  The  scheme  previously  suggested  for  the  reaction  between  secondary -tertiary  acetylenic  a-glycols  and 
mercuric  salts  has  been  confirmed. 
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RESEARCHES  IN  THE  OUINONE  FIELD  XXIV.  THE  ISOMERIZATION 
OP  ADDUCTS  OF  p-QUINONES  WITH  DIENIC  HYDROCARBONS 

A.  N.  Grinev,  V.  N. Ermakova  and  A.  P.  Terent’ev 
Moscow  State  University 


The  isomerization  of  adducts  of  p-qulnones  with  dlenic  hydrocarbons  is  a  valuable  method  for  the  synthesis 
of  substituted  hydroqulnones. 
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According  to  our  findings, the  method  described  in  the  literature  [1,2]  of  isomerlzing  the  adducts  with  hydro- 
bromic  acid  is  not  suitable  for  the  isomerization  of  large  amounts  of  these  compounds  (greater  than  5-10  g).  It 
is  stated  in  patents  [3,  4]  that  isomerization  of  the  adduct  of  toluqulnone  and  butadiene  is  carried  out  with  hydro¬ 
chloric  acid  in  aqueoas-alcohollc  solution  or  with  3%  sodium  hydroxide  in  the  absence  of  air.  G.  I.  Ostrozhens- 
kaya  [5]  isomerized  this  adduct  by  boiling  with  water  after  first  washing  out  traces  of  acetic  acid  that  had  been 
used  as  solvent  in  the  condensation  of  the  toluqulnone  with  butadiene. 


OH  R, 


(l)  —  H 
(II)R,,Rj.fU=H;  Rj=CH3 

(m) R,=CHj;Rj,R,,R^  =  H 
(MRi,R3=H;R,,R^=ch, 

(V) R,=Cl;Rj.Rj,R,  =  M 

(VI) R,,Rj=CL;R3,R,  =  H 

(VII) R,,R3*CI;R3=H;R*=CH3 


(Vin)R„R2=H;R,,R^=CH, 
(K)  R„R3,R„=CH,;Rj,=H 
(X)  R< 1  R R3,R4,  —  CNj 


In  this  work  we  set  out  to  isomerize  the  adducts  by  re¬ 
fluxing  them  in  acetic  acid.  This  method,  which  we  had  al¬ 
ready  used  to  prepare  2-methyl-5,8-dlhydro-5,8-endoethylene- 
naphthohydroquinone  and  l,4-dlhydro-l,4-endoethylene- 
anthrahydroquinone  [6],  enables  the  condensation  of  qulnones 
with  dlenic  hydrocarbons,  and  isomerization  of  the  adducts 
formed  to  substituted  hydroqulnones,  to  be  carried  out  without 
isolation  of  the  adducts. 

The  following  compounds  were  prepared  in  the  course 
of  this  work:  5,8-dihydronaphthohydroqulnone  (I),  6-methyl- 
5,8-dihydronaphthohydroquinone  (II),  2-methyl-5,8-dIhydro- 
naphthoquinone  (III),  6,7-dimethyl-5,8-dihydronaphthoquInone 
(IV),  2-chloro-5,8-dIhydronaphthoqulnone  (V),  2,3-dlchIoro- 
-6-methyl-5,8-dihydronaphthoqulnone  (VI),  2 ,3-dIchloro -6- 
methyl-5,8-dihydronaphthoquInone  (VII),  2,3-dImahyl-l,  4,- 
4-dIhydroanthrahydroquinone  (VIII),  2,3,5-trlmethyI-l,4-dI- 
hydroanthrahydroquinone  (IX),  2,3,6-trImethyl-l,4-dlhydro- 
anthrahydroquinone  (X)and  6-methyI-l,4-dlhydro-l,4-endo- 
ethyleneanthrahydroqulnone  (XI). 
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Preparative  Coaditloas  and  Properties  of  the  Hydroquinones 
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*The  adduct  of  p-benzoquinone  and  2,3'‘dimethylbutadiene  was  prepared  by  heating  a  mixture  of  10.8  g  of  p-benzoquinone,  1L25  g  of  2,3-dl- 
methylbutadiene  and  100  ml  of  water  at  40*  for  2. 5  hours  with  good  stirring. 
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The  quantities  of  reagents  and  reaction  times  as  well  as  the  melting  points,  yields  and  analyses  of  the 
hydroqulnones  enumerated  above  are  given  in  Table  1. 

The  adducts  of  5-methylnaphthoquInone  and  2,3-dimethylbutadlene  (XII),  of  6-methylnaphthoquInone  and 
2,3-dlmethylbutadIene  (XIII)  and  of  6-methylnaphthoquInone  and  cyclohexadlene  (XIV)  were  prepared  for  the 
first  time.  The  yields,  melting  points  and  analyses  of  these  adducts  are  given  in  Table  2. 


EXPERIMEN  TAL  • 

5,8-Dihydronaphthohydroquinone(I).  500  ml  of  acetic  acid  was  saturated  with  108  g  of  butadiene  In  a 
thick-walled  glass  flask,  cooled  in  ice.  108  g  of  p -benzoqulnone  was  added  to  the  solution  formed .  The  re¬ 
action  vessel  was  sealed  and  allowd  to  stand  for  42  hours  at  room  temperature,  after  which  the  solution  was 
heated  in  a  flask  under  reflux  for  2  hours  at  the  boiling  point  of  acetic  acid.  The  crystalline  5,8-dlhydronaph- 
thohydroqulnone  (I)diat  separated  on  cooling  was  separated  and  dried. 

Experiments  2, 3,5,6  and  7  were  carried  out  under  the  conditions  described  above. 

2,3,5-Trimethyl-l,4-dihydroanthrahydroquinone  (IX).  For  the  isomerization  of  the  adduct  of  5-methyl- 
naphthoqulnone  and  2,3-dimethylbutadIene-l,3  (XII)  to  the  hydroquinone  (IX),  7  g  of  the  adduct  (XII)  was  re¬ 
fluxed  In  70  ml  of  acetic  acid.  The  hydroquinone  (IX)  Is  a  white  crystalline  material,  rapidly  darkening  in  the 
air.  The  yield  and  melting  point  are  given  in  Table  1. 

Experiments  4,  8,  10  and  11  were  carried  out  similarly. 

SUMMARY 

A  new  preparative  method  for  the  Isomerization  of  adducts  of  p-qulnones  and  dienic  hydrocarbons  to  sub¬ 
stituted  hydroqulnones,  has  been  developed. 
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RESEARCHES  IN  THE  QUINONE  FIELD.  XXV. 

SYNTHESIS  OF  NAPHTHOQUINONES  AND  DIHYDROANTHRAQUINONES 

A.  N.  Grinev,  V.  N.  Ermakova  and  A.  P.  Terent’ev 
Moscow  State  University 


In  one  of  our  papers  it  was  shown  that  the  most  convenient  method  for  the  preparation  of  1,4-naphtho- 
qulnone  and  2-methyl-1.4-naDhthoqijinone  is  by  synthesis  from  p-benzoaulnone  (toluquinonel  and  butadiene 
where  the  reaction  is  carried  out  without  isolation  of  the  adducts  from  which  the  hydroquinones  are  obtained 
by  isomerization  [  1]. 

In  this  work  6-methylnaphthoqulnone  (I)  and  5-methylnaphthoquInone  (II)  were  prepared  by  the  same 
method.  6,7-Dlmethyl-l,4-naphthoquinone  (III)  was  prepared  In  good  yield  by  the  oxidation  of  6,7-dlmethyl- 
5,8-dihydronaphthohydroquinone  [2]  with  chromic  acid.  2,3-DIchloronaphthoqulnone  (IV)  was  obtained  from 
2,3-dlchloro-p-benzoqulnone  and  butadiene. 


O  R, 


O 


(I)  R,.  R.,  R.,  R5  =  H:  R,  =  CHs. 
(II)  R,  =  CHj;  R„  R„  R,.  R.  =  H. 

(III)  R„  R,,  K,  =  H:  R,.  R,=CH,. 

(IV)  R„  R„  R,=  H;  R„  R,  =  CI. 


In  addition,  some  of  the  hydroquinones  characterized  in  the  previous  communication  [  2]  were  oxidized 
with  potassium  bromate  in  an  acidic  medium.  6-Methyl-l,4-dlhydro-l,4-endoethyleneanthraqulnone  (V), 
6,7-dlmethyl-l,4-dIhydro“l,4-endoethyleneanthraqulnone  (VI),  2,3“dimethyl-l,4-dlhydroanthraqulnone  (VII), 
2,3,5-trlmethyl-l,4-dihydroanthraqulnone  (VIII)  and  2,3,6-trimethyl-l,4“dIhydroanthraqulnone  (DC)  were  ob¬ 
tained. 


(V) R,=  H  ;  R2=CH,  . 

(VI)  Rj  ,  R2~  CHj  , 


(VII)  R„  R,  =  CH,;  R,. 
(VIII)  R,,  R„  R,  =  CH,: 
(IX)  R„  R,.  R,  =  CH,; 


R,  =  H 
R,  =  H 
R,  =  H 


The  experimental  results  on  die  preparation  of  the  dihydroanthraqulnones  are  given  In  the  table. 
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Oxidizing  mixture  |  i  Found  ",o  |  Calculated'®/,) 


EXPERIMENTAL 
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O  ^ 

-4  —  O 

00  00  00 


1.  Preparation  of  6-methylnaphthoquinone 
(I).  For  this  experiment  50  g  of  p-benzoqulnone,  32 
g  of  Isoprene  and  150  ml  of  acetic  acid  were  taken. 
The  reaction  mixture  was  kept  at  room  temperature 
for  two  days  and  then  diluted  with  150  ml  of  water 
and  refluxed  for  1  hours.  300  ml  of  acetic  acid 
was  then  added  and  the  6-methyl-5,8-dihydronaph- 
thohydroquinone  formed  was  oxidized  with  chromic 
acid  (105  g  of  chromium  trioxIde  in  105  ml  of 
water),  with  stirring.  The  oxidizing  agent  was 
added  at  such  a  rate  that  the  temperature  of  the 
reaction  mixture  did  not  exceed  70-75°.  After  the 
addition  of  all  the  oxidizing  agent,  the  reaction 
mixture  was  heated  at  70-75*  for  1  hour  after  which 
it  was  cooled  to  room  temperature  and  diluted  with 
2  volumes  of  water.  The  quinone  (I)  was  separated, 
washed  with  water  a  few  times  and  dried.  Yield 
52  g  (65<7ot  calculated  on  the  p-benzoquinone). 

M.p.  90“  (from  petroleum  ether).  According  to 
the  literature  [ 3]:  m.p.  92*. 
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2.  Preparation  of  5-methylnaphthoquinone 
(II).  For  this  experiment  50  g  of  p-benzoquinone, 

66  g  of  plperylene,  66  ml  of  acetic  acid  and  2-3 
drops  of  aniline  were  taken.  The  reaction  mixture 
was  heated  at  50“  for  1V2  hours.  Excess  plperylene 
was  distilled  off  in  vacuo,  100  ml  of  acetic  acid 
addes  and  the  resulting  solution  was  refluxed  for 

3  hours.  The  5-methyl-5,8-dihydronaphthoquInone 
so  obtained  was  oxidized  with  chromic  acid  (105  g 
of  chromium  trioxIde  in  105  ml  of  water)  under  the 
conditions  of  Experiment  1.  Yield  55  g  (10% 
calculated  on  the  p-benzoquinone).  M.p.  114-llT 
(from  petroleum  ether);  According  to  the  literature 
[3]  m.p.  122.5-123*. 

3.  Preparation  of  6,7-dimethylnaphtlio- 
qulnone  (III).  In  this  experiment,  40  g  of  6,7-dl- 
methyl-5,8-dIhydronaphthohydroquInone  [21was  dis¬ 
solved  in  300  ml  of  acetic  acid  and  oxidized  with 
chromic  acid  (72  g  of  chromium  trloxide  in  72  ml 
of  water).  Oxidation  of  the  hydroquinone  and 
isolation  of  the  quinone  was  carried  out  under  the 
conditions  of  Experiment  1.  Yield  34  g  (75%),  m.p. 
116-llT  (from  alcohol).  According  to  the  litera¬ 
ture  [4];  m.p.  118-119. 

4.  Preparation  of  2,3-dlchloronaphthoquinone 
(IV).  A  mixture  of  2. 5  g  of  2, 3-dIchloro -p-benzo¬ 
quinone,  1. 5  g  of  butadiene  and  20  ml  of  acetic 
acid  was  kept  at  room  temperature  for  2  days  and 
then  refluxed  for  2  hours  to  isomerize  the  adduct 

of  2, 3-dichloro -p-benzoquinone  and  butadiene. 
Chromic  acid  solution  (3.5  g  of  chromium  trloxide 
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In  3.5  ml  of  water)  was  used  for  the  oxidation.  Oxidation  and  Isolation  of  the  qulnone  (IV)  was  carried  out  as 
In  Experiment  1.  Yield  2.5  g  (77<^  calculated  on  the  2,3-dichloro-p-benzoqulnone).  M.p.  190-192*.  According 
to  the  literature  [5]:  m.p.  192f. 

5.  Preparation  of  6-methyl-l,4-dlhydro-l,4-endoethyleneanthraqulnone  (V).  To  a  solution  of  4.4  g  of 
6-methyl-l,4-dlhydro-l,4-endoethyleneanthrahydroquinone  [2]  In  dloxan,  heated  to  50*,  the  oxidizing  agent 
prepared  from  2.2  g  of  potassium  Ixomate,  3. 5  ml  of  1  N  sulfuric  acid  and  25  ml  of  water,  was  added  gradually 
up  to  the  distinct  appearance  of  color  in  the  solution:  the  reaction  was  accompanied  by  the  separation  of  yellow 
crystals  of  6-methyl -l,4-dlhydro-l,4-endoethyleneanthraqulnone  (V).  The  reaction  mixture  was  cooled,  the 
crystalline  qulnone  (V)  separated,  washed  a  few  times  with  water  and  dried.  The  yield  of  qulnone  (V)  and  Its 
melting  point  are  given  in  the  table. 

6.  Preparation  of  6,7-dlmethyl-l,4-dlhydro-l,4-endoethyleneanthraqulnone  (VI).  15  g  of  6, 7 -dim  ethyl - 

naphthoquinone  (III)  and  30  ml  of  cyclohexadlene  were  used  In  this  experiment  and  the  reaction  mixture  was 
heated  for  2  hours  at  60*.  The  solution  was  kept  overnight  In  a  fume  cupboard.  The  crystalline  adduct  of  6,7- 
dlmethylnaphthoquinone  and  cyclohexadlene  that  separated  was  recrystallized  from  alcohol.  Yield  14.4  g  (60‘7o, 
calculated  on  the  qulnone).  M.P.  161*  (from  alcohol). 

Found  <74  C  81.25,  81.28;  H  6.70,  6.80.  CigH^Oj.  Calculated  %  C  81. 17;  H  6.80. 

In  order  to  isomerize  the  adduct  obtained  to  6,7-dlmethyl-l,4-dihydro-l,4-endoethyleneanthrahydro- 
qulnone,  it  was  refluxed  for  2  hours  in  50  ml  of  acetic  acid.  6,7-Dimethyl-l,4-dlhydro-l,4-endoethylene- 
anthrahydroquinone  [2],  which  is  a  white,  crystalline  material,  rapidly  darkening  In  air,  was  dissolved  in 
dloxan  and  oxidized  with  potassium  bromate.  (Oxidation  and  isolation  of  the  qulnone  (VI)  was  carried  out  as 
In  Experiment  5.  The  composition  of  the  oxidizing  mixture,  yield  and  melting  point  of  qulnone  (Vl)art  giv  iU  In 
the  table. 


SUMMARY 

1.  5-Methyl-  and  6-methylnaphthoquinone  and  2,3-dichloronaphthoquinone  have  been  prepared  from  p- 
benzoqulnone,  2,3-dichloro-p-benzoquInone  and  dienic  hydrocarbons.  6,7-Dlmethylnaphthoqulnone  has  been 
prepared  by  oxidation  of  6,7-dimethyl-5.8-dlhydronaphthohydroqulnone. 

2.  The  following  compounds  have  been  prepared  by  oxidation  of  the  corresponding  hydroqulnones  with 
potassium  bromate  in  an  acidic  medium:  6-methyl-l,4-dlhydro-l,4-endoethyleneanthraqulnone,  6,7-dlmethyl 
l,4-dihydro-l,4-endoethyleneanthraquinone,  6,7-dimethyl-5,8-dihydroanthraqulnone,  2,3,5-trimethyl-l,4-di- 
hydroanthraquinone  and  2,3,6-triinethyl-l,4-dihydroanthraquinone. 


[1] 

[2] 

[3] 

[4] 

[5] 
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REACTIONS  OF  HYDRAZINE  DERIVATIVES 

XXI.  1-THIOCARBOXYPYRAZOLINES  AND  THEIR  DERIVATIVES 

A.  N.  Kost,  I,  I.  Grandberg,  A.  P.  Terent’ev  and  S.  N. 
Milo  vanova 

Moscow  State  University  and  S.  Ordzhonikidze  All-Union  Institute  of 
Pharmaceutical  Chemical  Research 


In  recent  years  derivatives  of  thiourea  have  found  application  as  antimicrobial  substances  [1],  rodenticides 
[2],  etc.  Salts  of  dlthiocarbamic  acids  are  widely  used  in  analytical  chemistry  for  the  separation  and  quantitative 
determination  of  some  cations  [3]. 

We  have  synthesized  some  phenylthioureas  of  the  pyrazoline  series,  namely  the  anilides  of  l-pyrazollne- 
thlocarbonic  acids  (I-VIII,  see  Table  1).  The  method  consisted  in  treatment  of  pyrazolines,  not  substituted  at 
the  nitrogen  (in  the  1-posltlon),  with  phenyl  isothiocyanate. 


S=C-NH-Ce»5 


TABLE  1 


Anilides  of  1 -Pyrazoline thiocarbonic  Acids 


Sub- 

1  -(N  -Phenylthiocarba- 
mido)-pyrazolines 

Empirical 

formula 

Melting 
point  ® 

•/. 

N 

stance 

No. 

found 

i 

calculated 

i 

(I) 

(Without  substituents) 

I^ioIIii^sS 

79-80® 

20.54,  20.67 

20.48 

(11) 

5-Methyl 

UiiIIisNaS 

101—102 

18.73, 18.99 

19.16 

(III) 

3,5,5 -Trimethyl 

C13U17N3S 

98-99* 

17.39, 17.41 

16.99 

(IV) 

4-Ethyl -5 -propyl 

3 -Me  thyl -5 -5 -pen  ta - 
methylene  j 

C,5H2iN3S 

54.5-55 

15.39, 15.57 

15.25 

(V) 

CieH2iN3S 

152.5—153 

14.69, 14.74 

14.62** 

(VI) 

3-Methyl -5-phenyl 

C17H17N3S 

134—135 

14.27,14.39 

14.22 

(VII) 

3, 5 -Diphenyl 

(^221110^3^ 

173-175 

11.55,11.99 
14.62, 14.68 

11.82*** 

(VIII) 

3-Methyl-5- a-furyl 

'''I6II15DN3S 

133-134 

14.73 

^Literature  data  [11]:  tn.p.  lO^*. 

•  •Found  %  :  S 10. 93, 11. 24.  Calculated  :  S  11. 15. 

•  •  ‘Found  °]tt  S  9. 09,  9. 14.  Calculated  •’Jo :  S  9. 00. 
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The  action  of  carbon  disulfide  on  pyrazolines  led  to  1-pyrazolinedithiocarbonic  acids  (in  the  form  of  the 
sodium  salts).  These  salts  have  good  solubility  in  water,  crystallize  nicely,  and  are  stable  when  stored  dry.  Their 
aqueous  solutions  give  an  alkaline  reaction;  acidification  results  in  breakdown  since  the  corresponding  dithio- 
carbonic  acids  are  unstable. 


H 


I 

S=G— SNa 


0.2%  aqueous  solutions  of  sodium  pyrazolinedithiocarbonates  can  be  kept  for  2-3  days  without  decomposi¬ 
tion;  at  pH  5-5.5  the  half  life  of  the  substance  is  up  to  30  minutes,  which  is  adequate  for  analytical  use  (it  is 
not  desirable  to  work  in  more-acid  media). 


In  a  preliminary  communication  [4]  it  has  already  been  noted  that  solutions  of  sodium  pyrazolinedithio¬ 
carbonates  have  characteristic  light-absorption  maxima  in  the  290-310  m^^  region.  At  pH  14  they  precipitate 
metals  of  the  platinum  group,  Co**” ,  Ni*  ,  Cu,  Ag,  Cd,  Hg*'*’,  Tl^'*’,  Tl*"^,  and  Pb.  At  pH  9  all  of  the  above- 
mentioned  cations  are  brought  down,  in  addition  to  Mn*"*”,  Fe*  ,  Fe*'*’,  Co*'*',  Zn,  In,  Sn*'’’,Sb^^^  and  Te^\ 

In  still  more -acidic  media  (pH  5)  the  following  are  also  precipitated:  V^,  Cr*'*’,  Mo^^,  Ga*'*’,  As^^^ 

Se^'^  and  Sn'^^.  Elements  that  are  not  precipitated  at  any  of  the  above  pH  values  are  the  alkali,  alkaline  earth 
and  rare  earth  elements,  Ti^^^  TilV,  Zr,  Th,  W,  Al,  Ge,  Se^I,  As^  Sb^,  and  Te'^^.  (Experimental  work  by 
V.  M.  Byr'ko. ). 


TABLE  2 

Pyrazolinedithiocarbonates 


Substancel 
No. 


(IX) 

(X) 

(XI) 

(XII) 

(XIII) 

(XIV) 

(XV) 

(XVI) 

(XVII) 

(XVIII) 


Sodium  salts  of  1-dlthio 
carboxy-pyrazolines 


5 -Methyl 

3.5.5- Trimethyl 
5-Methyl-3,6-^ieihyl 
4  -Isopropyl  -5  -isobutyl 

3 -Methyl -5-a-furyl 
3-Methyl-5,5-pentarrtethyleh 

3. 5 - Diphenyl  ’ 
3-Methyl  -5-phenyl 

4. 4- Di  methyl  -5  -isopropyl 

3.4- Tetramethylene-5,5- 
pentamethylene 


Yield 

(%) 


58.5 

88 

44 

38 

85 

61 

69 

55 

34 

63 


Empirical  formula 


C6n7N2S2Na 
C7H]jN2S2Na 
Cgl  1 13N  2S2N  a 
Cii  H 1  pN  •)S2N  a 
CpH9N2&2Na 

CieUwNaSaNa 

CuHioNiS^Na 

^i355ioN2S2N  a 


•/.  N 


found 


15.30, 

17.15, 

12.44, 

10.64, 

11.11, 

11.14. 

8.73, 

12.57. 

12.18, 


15.65 

13.31 

12.57 

10.72 

11.23 
11.17 

8.97 

12.63 

12.23 


9.73,  9.89 


15.55 

13.32 

12.49 

10.52 

11.37 

11.19 

8.74 

12.44 

12.27 


9.65 


The  prepared  pyrazolinedithiocarbonates  (IX -XVIII.  Table  2)  break  down  at  below  their  melting  points; 
for  their  characterization  we  therefore  prepared  the  6  -cyanoethyl  ethers  by  treatment  with  acrylonitrile  in  an 
aqueous  medium.  The  new  derivatives  melt  sharply. 

CH,  =  CHCN 
H^O  * 

I  I 

S=C— SNa  S=G— S— CH2CH2CN 

(XIX) 
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In  one  of  our  preceding  papers  [5]  we  showed  that  phenylhydrazine  does  not  form  a  pyridazine  ring  on  heat¬ 
ing  with  acctopropyl  alcohol.  It  was  found  that  hydrazine  hydrate  reacts  analogously  to  give  an  azine  ring  with 
acetopropyl  alcohol.  But  if  the  hydroxyl  group  Is  replaced  beforehand  by  chlorine,  then  the  resulting  methyl-y- 
chloropropyl  ketone  readily  reacts  with  hydrazine  hydrate  to  form  3-methyl -1, 4,5, 6-tetrahydropyridazine  (XX). 
The  properties  of  (XX)  are  very  similar  to  those  of  pyrazolines.  It  gives  off  nitrogen  on  treatment  with  strong 
oxidants;  with  carbon  disulfide  It  forms  1-dithiocarboxytetrahydropyridazlne  (XXI),  and  with  phenyllsothiocyanate 
it  gives  the  corresponding  tlilourea  (XXII) , 


Gil 


CIIaCGHjCHaCHaCl  — ^  GHi-<^ 

II  ’  ^N-N 

() 


11 

(XX) 


\ 


(XXI) 


S=C— SNa 


I 

S=G-MI-Cr,ll5 


(XXII) 


According  to  R,  Ya.  Levina  and  co-workers  [6],  tetrahydropyridazines  lose  nitrogen  under  the  conditions  of 
the  N.  M.  Kizhner  reaction  to  form  cyclobutanlc  hydrocarbons.  We  heated  our  tetrahydropyridazine  with  sodium, 
potassium  or  lithium  hydroxides.  In  the  presence  or  absence  of  water,  without  solvents  or  in  triethyleneglycol, but 
at  below  250’.  The  main  body  of  substance  was  recovered  unchanged,  but  at  a  higher  temperature  (in  an  auto¬ 
clave)  complete  resinificatlon  was  observed. 

A  study  of  the  action  of  the  prepared  substances  on  microorganisms  revealed  that  in  1:1000  dilution  .phenyl - 
ureas  of  the  pyrazollne  series  (Table  1)  have  no  action  on  Staphylococcus  aureus,  hemolytic  streptococci.  Bacillus 
diplitlieriae.  Bacillus  dysenterlae,  Bacillus  cyanogenus.  Bacterium  coll.  Bacillus  typhosum,  and  Bacillus  sporogenes. 
The  bacillus  Proteus  vulgaris  was  also  unaffected.  Compound  (V)  is  an  exception:  in  1:4000  dilution  It  inhibits 
growth  of  Bacillus  dlphtherlae,  and  in  1:2000  dilution  it  inhibits  the  growth  of  Bacillus  cyanogenus.  The  maximum 
activity  towards  the  bacillus  of  human  tuberculosis  was  exhibited  by  compound  (I),  which  suppresses  the  growth 
of  this  microorganism  in  dilutions  of  1:  16000  to  1:32000.  The  same  compound  suppresses  the  growth  of  patho¬ 
genic  fungi  when  in  dilution  of  1:1000  to  1:4000,  Compound  (II)  is  slightly  less  active,  but  the  remaining  com¬ 
pounds  suppress  the  growth  of  the  bacillus  of  human  tuberculosis  In  dilution  of  1:500  to  1:2000,  and  at  these  di¬ 
lutions  they  are  substantially  inactive  towards  all  of  the  remaining  microorganisms. 

A  strong  fungistatic  action  might  have  been  expected  to  be  exerted  by  the  sodium  salts  of  1-dithIocarboxy- 
pyrazolines  (Table  2),  In  analogy  with  the  behavior  of  other  dithlocarbamates  [7].  Compounds  (DC -XVIII),  also 
(XXI),  actually  possess  antimicrobial  action,  mainly  towards  streptococci  and  Bacillus  dlphtherlae,  but  in  low 
dilution  (from  1:1000  to  1:8000).  5,5-Disubstituted  derivatives  (X,  XI,  XIV,  XVIII)  manifested  fungicidal  action, 
but  again  in  low  dilution  (1:2000  to  1:8000X  The  0  -cyanoethyl  ether  (XIX)  has  substantially  no  antimicrobial 
action;  the  analogous  ether  prepared  from  (XXI)  Inhibits  the  growth  of  the  bacilli  of  human  tuberculosis  in  di¬ 
lution  of  1:1000  to  1:2000.  None  of  the  prepared  compounds  exerted  single-dose  or  cumulative  toxic  action 
when  administered  in  nutriment  to  rats  in  doses  of  up  to  50  mg  per  1  kg  of  body  weight  (the  doses  were  repeated 
3  times).  • 


EXPERIMENTAL 

Anilides  of  pyrazolinethiocarbonic  acids  (I-VIII)  were  prepared  by  the  action  of  phenyllsothiocyanate  in 
benzene  on  the  corresponding  pyrazolines.  Yields  were  nearly  quantitative.  All  of  the  compounds  prepared  by 
this  method  were  recrystallized  from  alcohol.  The  constants  and  data  for  elemental  analysis  are  set  forth  in 
Table  1. 


Tests  on  rats  were  carried  out  by  N.  M.  Dukel'skaya  (Soil  Biology  Department  of  Moscow  State  University). 


3-Methyl-l,4,5,6-tetrahydropyridazlne  (XX).  To  48.8  g  methyl  y -chloropropyl  ketone,  dissolved  in  100 
ml  alcohol  and  put  into  a  500-ml  flask  fitted  with  a  small  Dlmroth  condenser,  was  added  20.8  g  96®1(j  hydrazine 
hydrate.  An  extremely  violent  reaction  ensued.  After  the  violent  boillng-up  of  the  mixture  had  ceased,  the 
mixture  was  boiled  for  1.5  hr  and  the  alcohol  was  completely  distilled  off  in  the  vacuum  of  a  water-jet  pump. 

The  resulting  hydrochloride  was  decomposed  by  addition  of  88  g  barium  oxide  and  the  base  was  twice-distilled 
in  vacuo.  Yield  38.4  g  (98%)  of  3-methyl-l,4,5,6-tetrahydropyrldazlne  (XXX 

B.p.  78r  (30  mm),  n*®D  1.4950,  d4”  0.9714,  MR^  29.46;  calc.  29.34.  • 

Found  %:  N  28.48,  28.48.  C5H10NJ.  Calculated  %:  N  28.54. 

The  phenylthiourea  derivative  (XXII)  had  m.p.  124*  (from  alcohol). 

Found  %;  N  18.19,  18.25.  CijHaNjS.  Calculated  %:  N  18. OL 

Sodium  salt  of  l-dithIocarboxy-3-methyl-l,4,5,6-tetrahydropyridazlne  (XXI).  To  a  solution  of  9.4  g  3- 
methyltetrahydropyridazlne  (XX)  in  20  ml  alcohol  was  added  8  ml  35%  aqueous  sodium  hydroxide  followed  by 
9  g  carbon  disulfide.  The  mixture  was  stirred  vigorously  for  2  hr  and  then  cooled;  the  sodium  salt  (XXI)  came 
down  in  nearly  quantitative  yield.  It  was  purified  by  recrystallization  from  acetone. 

Found  %t  N  15.48,  15.57.  CsHyNzSjNa.  Calculated  %:  N  15.37. 

Sodium  salt  of  l-dithiocarboxy-3,5,5-trimethylpyrazoline  (X).  To  a  solution  of  0.05  mole  of  freshly  distilled 
3,5,5-trImethylpyrazoline  [8]  in  15  ml  benzene  was  added  1.5  ml  35%  aqueous  solution  of  sodium  hydroxide, 
followed  by  4.6  g  carbon  disulfide  (with  energetic  stirring).  The  crystals  that  came  down  on  cooling  were  re¬ 
crystallized  from  aqueous  acetone.  Yield  9.25  g  (88%)  of  sodium  salt  (X).  The  melting  point  was  not  sharp 
(decomposition  above  200").  A  similar  procedure  was  followed  for  preparation  of  (II-VIII).  (IX)  was  purified  by 
precipitation  with  benzene  from  alcohol,  (XIII  and  XVIII)  by  precipitation  with  ether  from  methanol,  (XVI)  by 
precipitation  with  ether  from  ethanol,  and  the  remaining  substances  by  precipitation  with  ether  from  acetone. 
Yields  (after  recrystallization)  and  analyses  are  set  forth  in  Table  2  .• 

6  -Cyanoethyl  ether  or  l-dithIocarboxy-3,5,5-trImethylpyrazoline.  To  a  20%  aqueous  solution  containing 
4.85  g  sodium  salt  (X)  was  added  1. 6  g  acrylonitrile.  The  mixture  was  stirred  2  hr  at  room  temperature.  The 
precipitated  crystals  were  filtered  off  and  recrystallized  from  alcohol  to  give  3.5  g  (62%)  0  -cyanoethyl  ether, 
with  m.p.  165-165.5’. 

Found  %:  N  17.15,  17.19;  S  26.51,  26.86.  C10H15N3S2.  Calculated  %:  N  17.48;  S  26.67. 

In  similar  fashion  the  sodium  salt  (XVIII)  gave  a  70%  yield  of  the  B  -cyanoethyl  ether  of  l-dithiocarboxy- 
3,4-tetramethylene-5,5-pentamethylenepyrazolIne  (XIX),  with  m.p.  176*  (from  alcohol). 

Found  %t  N  12.99,  13.05.  CjeHjsNaSj.  Calculated  %:  N  13.09. 

The  cyanoethyl  ether  was  prepared  from  (IX)  ih  46%  yield;  m.p.  158*  (from  alcohol). 

Found  %:  N  19.43,  19.59.  CgHuNjSj.  Calculated  %:  N  19.70. 

The  cyanoethyl  ether  of  (XIII)  was  synthesized  in  57%  yield;  m.p.  97-98*  (from  alcohol). 

Found  %  :  N  14.96,  15.20;  S  23.00,  23.19.  CuHigONjSj.  Calculated  %;  N  15.15;  S  23.11. 

In  similar  fashion  the  sodium  salt  of  l-dithiocarboxy-3-methyltetrahydropyrIdazine  (XXI)  was  converted  to 
the  6 -cyanoethyl  ether  in  95%  yield;  m.p.  10?  (from  anhydrous  alcohol). 

Found  %  N  18.68,  18.53.  CgH^NgSg.  Calculated  %t  N  18.48. 

L.  S.  Ignatenko  carried  out  the  elemental  analyses  of  the  prepared  compounds,  using  the  procedure  of  P.  N. 
Fedoseev  [9]  which  was  developed  for  poorly  stable  or  difficultly  combustible  substances.  The  usual  methods  for 
analysis  of  pyrazoline  derivatives  give  very  variable  results  [  10]. 

•The  refraction  for  the  2  N  atoms  in  the  tetrahydropyrldazine  is  assumed  to  be  5.871  (as  in  pyrazolines). 


SUMMARY 


A  series  of  sodium  salts,  0  -cyanoethyl  ethers  and  anilides  of  dlthlocarbonlc  acids  of  the  pyiazollne  family 
were  synthesized.  Their  action  on  microorganisms  was  Investigated. 

Pyrazollnedlthlocarbonates  are  found  to  form  Inner-complex  compounds  with  a  number  of  cations  of  metals, 
and  this  property  may  be  of  Interest  for  analytical  purposes. 
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THE  ISOMERIZATION  OF  P  OL  Y  M  E  TH  Y  LE  N  E  HYDROCARBONS  UNDER 


THE  INFLUENCE  OF  ALUMINUM  CHLORIDE 

XXII.  THE  ISOMERIZATION  OF  DICYCLOPENTYLMETHANE 

M.  B.  Turova -Polyak,  I,  E.  Sosnina,  I.  I.  Voznesenskaya 
and  T.  P.  Yud  kina 

Moscow  State  University 


In  one  of  our  preceding  papers  [1]  we  described  the  Isomerization  of  dicyclopentyl,  under  the  Influence 
of  aluminum  chloride,  to  trans-decahydronaphthalene.  The  temperature  In  the  range  of  0  to  5(f  does  not  In¬ 
fluence  the  character  of  the  product  of  Isomerization.  At  higher  temperatures  products  of  cracking  are  formed 
and  Isomerization  Is  more  far-reaching. 

In  the  present  work  we  studied  the  behavior  of  dicyclopentylmethane  (a  hydrocarbon  whose  properties 
suggest  that  It  may  be  present  In  the  kerosine  fraction  of  petroleum)  on  interaction  with  aluminum  chloride,  and 
we  clarified  the  effect  of  the  methylene  group,  linking  the  two  five-membered  rings,  on  the  direction  of  iso¬ 
merization.  The  experimental  results  of  the  present  work  have  established  that  aluminum  chloride  here  has  an 
effect  similar  to  that  in  the  case  of  dicyclopentyl,  the  dicyclopentylmethane  undergoing  skeletal  isomerization 
with  formation  of  trans-0  -methyldecahydronaphthalene.  At  23-2T  isomerization  goes  to  the  extent  of  about 
96-98%;  at  0’  It  goes  in  the  same  direction  but  to  a  lesser  extent.  Lowering  of  the  temperature  to -5*  retards  the 
reaction  to  such  an  extent  that  a  product  of  isomerization  cannot  be  detected.  The  presence  ofS  -methyldeca¬ 
hydronaphthalene  was  demonstrated  by  the  method  of  catalytic  dehydrogenation  and  confirmed  by  the  Raman 
spectrum.  Dehydrogenation  yielded  0  -methylnaphthalene. which  was  Identified  as  the  plcrate.  Under  the  same 
conditions  dicyclopentylmethane  underwent  hydrogenolysis,  as  would  be  expected  In  view  of  its  structure.  The 
spectrum  of  the  product  of  Isomerization  of  dicylopentylmethane  contained  lines  characteristic  of  trans-0  -meth¬ 
yldecahydronaphthalene. 

The  data  obtained  in  the  present  work  have  consequently  shown  that  the  methylene  located  between  the 
two  flve-membered  rings  of  dicyclopentylmethane  has  no  appreciable  influence  on  the  direction  of  isomerization- 

The  following  explanation  of  the  mechanism  of  isomerization  of  dicyclopentylmethane  to  trans-0  -methyl¬ 
decahydronaphthalene  may  be  suggested;  Since  both  of  the  flve-membered  rings  of  the  dlcyclopentylmetfiane 
system  are  equivalent  in  relation  to  the  methyl  group,  we  should  expect  simultaneous  breakage  of  both  rings 
under  the  action  of  aluminum  chloride.  Two  possibilities  could  then  arise  in  connection  with  the  formation  of 
fresh  bonds  In  the  isomerizing  molecule:  either  formation  of  spiro-  (5,5) -undecane  |  |  —  (  X  )  i 

— ^  V— ^ 

which  (as  we  showed  previously  [2])  Is  improbable,  or  direct  formation  of  the  condensed  system  of  methyldeca- 
hydronaphalene 
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In  spite  of  the  symmetry  of  the  dicyclopentylmethane  molecule,  it  is  entirely  probable  that  in  the  instant 
of  isomerization  this  symmetry  Is  destroyed  due  to  opening  of  one  of  the  rings,  and  then  the  reaction  must  pro¬ 
ceed  otherwise.  If  we  imagine,  however,  that  rupture  of  the  five-membered  rings  in  dicyclopentylmethane  is 


a  stepwise  process,  i.e.  that  rupture  of  one  of  the  rings  precedes  rupture  of  the  other,  then  cyclohexylcyclopentane 
could  be  formed  and  could  tlien  isomerize  to  trans-8  -methyldecahydronaphthalenebythe  route  previously  sug¬ 
gested  by  us  [  3]. 

EXPERIMENTAL 

Dicyclopentylmethane  was  prepared  by  the  metliod  of  Plate  and  Stanko  [4]. 

I  \_oil  T.n  I  ^-Cl  |“\-CH20H  I  )>-GH2Br; 

IZ>  hET  0-«=  0-CH.Br  +  |3-Cl 

--  I _ VC"2-<^~|  --  I _ )>-CH2-/ _ I 

The  starting  substance  for  our  work  was  not  bromocyclopentane  but  chlorocyclopentane,  prepared  from 
cyclopentanol  [5,6]. 

B.p.  113.1'  at  740  mm,  n^”  1.4522,  1.0071,  MRp  28.00.  CgH^l.  Calculated  27.96. 

Cyclopentylcarbinol  was  obtained  by  the  reaction  of  chlorocyclopentane  with  formaldehyde  in  a  Grignard 
reaction  [7]. 

B.p.  160.5-162.5’  (742.5  mm),  np*®  1.4580,  d4“  0.9336,  MRp  29.22.  CgHttO.  Calculated  29.22. 

Literature  data  [4]:  B.p.106-108'  (82mm),  n^*®  1.  4575 ,  d4^  0.9322. 

Treatment  of  cyclopentylcarbinol  with  phosphorus  tribomlde  [7]  gave  cyclopentylbromomethane. 

B.  p.  59-59.5'  (20  mm),  n^*®  1.4874,  d4*®  1.3079. 

Literature  data  [4]:  b.p.  58-62^  (20  mm),  np*®  1.4859,  d4*®  1.2920. 

A^"Chlorocyclopentene,  obtained  by  the  action  of  dry,  gaseous  hydrogen  chloride  on  cyclopentadiene  [8] 
(b.p.  3T  at  38  mm,  np^®  1.4765)  was  brought  Into  reaction  with  cyclopentylbromomethane  and  magnesium 
Immediately  after  distillation.  The  resulting  A*-cyclopentenylcyclopentylmethane  had  the  following  constants; 

B.p.  89*  (16  mm),  n^^®  1.4770,  d4*®  0.8801,  MRp  48.16.  CnHup.  Calculated  48.13. 

Literature  data  [4]:  b.p.  80.5-80. T  (11  mm),  np*®  1.4778,  d4^®  0.8813,  MRp  48.16. 

Hydrogenation  of  A^“cyclopentenylcyclopentylmethane  at  room  temperature  and  a  hydrogen  pressure  of 
100  atm.  in  presence  of  not  completely  lixiviated  Raney  alloy  [9]  (15%  of  the  weight  of  hydrocarbon)  gave 
dicyclopentylmethane.  Tlie  latter  was  subjected  to  chromatographic  adsorption  on  silica  gel,  distillation  in  a 
column  (80 -plate),  and  further  chromatography  on  silica  gel.  The  so-purified  dicyclopentylmethane  had  the 
following  constants; 

B.p.  80.5*  (8  mm),  freezing  point  -74.18“,  np*®  1.4677,  d4*®  0.8675,  MRd  48.60.  C^Hkh  Calculated 

48.60;  degree  of  purity  99.60%  • 

Literature  data  [4];  b.p.  83.3-  83.4’  (10  mm).  np“  1.46777,  d4*®  0.8675,  MRp  48.60. 

The  Raman  spectrum  of  dicyclopentylmethane  was  examined.  The  intensity  of  the  lines  was  determined 
visually  and  evaluated  on  an  arbitrary  scale. 

Spectrum  of  dicyclopentylmethane  (cm"^);  229  (0);  291  (80);  406  (0);  414  (0);  776  (0);  792  (0);  808  (0); 
833  (0);  843  (0);  890  (80);  943  (1);  978  (0);  1014  (12,  b'Td*!);  1038  (1.5;  b*V*);  1068  (3);  1085-1103  (12; 
h**d*)-.  1144  (0.5.d*^;  1165  (0);  1174  (11;  b*?d**);  1187  (11;  b**d*^;  1285  (4);  1296  (5,  d**);  1307  (0);  1351 

(10);  1390  (0);  1443  (80). 

•This  constant  was  determined  by  the  procedure  of  [10], 

*  •  d  =  diffuse,  b  =  broad. 
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Dlcyclopentylmethane  was  passed  over  a  platinum  catalyst  containing  iron  (19. 6*70  Pt  and  2%Fe)  under 
conditions  of  dehydrogenation  catalysis,  i.e.  at  300-310",  at  a  low  rate  in  a  hydrogen  atmosphere.  After  the 
first  pass  the  catalyzate  had  n^*®  1.4658,  d4*®  0.8603;  after  the  second  pass  it  had  n^.*®  1.4630,  d^*®  0.8535. 
These  changes  indicated  hydrogenolysls  of  dlcyclopentylmethane.  Isomerization  of  dicyclopentylmethane  was 
performed  in  the  apparatus  used  In  previous  work  [11].  In  all  of  the  experiments  the  aluminum  chloride /hydro¬ 
carbon  molar  ratio  was  constant  at  1:3.  The  hydrocarbon  was  distilled  immediately  before  the  reaction;  the 
aluminum  chloride  was  sublimed.  The  reaction  mixture  was  stirred  for  15-18  hours.  No  gaseous  products  were 
formed. 

Experiment  1  was  performed  at  >5  to  -8*.  Aluminum  chloride  was  added  to  the  hydrocarbon  which  had 
previously  been  cooled  to  the  low  temperature.  No  change  of  temperature  was  observed.  After  completion  of 
the  reaction,  the  hydrocarbon  layer  was  decanted  off  from  the  aluminum  chloride,  washed,  dried  and  distilled 
over  sodium.  Its  constants  (Table  1)  and  spectrum  were  substantially  the  same  as  those  of  the  original  hydro¬ 
carbon; 

231  (0);  291  (80);  397  (0);  406  (0);  414  (0);  496  (0);  718  (0);  735  (0);  746  (0);  776  (0);  792  (0);  808  (0); 
831  (0);  843  (0);  890  (80);  912  (0);  943  (0.5);  1014  (12;  b*,d*);  1038  (7;  d  •);  1068  (7;  d*);  1085  (7;  d*);  1098 
(12;b*.d*);  1133(0);  1144(0);  1165(0);  1174(5);  1187  (5;  d  •);  1285  (3;  d*);  1296  (3);  1304  (3;  d*);  1317(0); 
1352  (10);  1390  (0.5);  1443  (80);  1477  (2). 

All  of  the  frequencies  of  the  spectrum  of  the  product  were  the  same  as  those  of  the  spectrum  of  dlcyclo¬ 
pentylmethane,  but  the  strongest  line  of  the  spectrum  [12]  of  trans-fl  -methyldecahydronaphthalene  (755  cm"^) 
was  absent. 

Experiment  II  was  performed  at  0*.  There  was  again  no  change  of  temperature  when  aluminum  chloride 
was  added  to  the  cooled  hydrocarbon.  After  appropriate  purification  the  reaction  product  had  the  constants  given 
in  the  table,  in  which  are  also  set  forth  the  constants  of  the  original  hydrocarbon  and  methyldecahydronapthalene. 


TABLE  1 


Hydrocarbons  and  products  of  their  reactions 

Boiling  point(pres- 

n  2® 

A  20 

sure  In  mm) 

Original  dicyclopentylmethane 

206.5-  20fr 

1.4677 

0.8675 

(746) 

Expt.  I 

206  (750) 

1.4660 

0.8666 

Reaction  product  i 

\ 

Expt.  II 

208  -  210 
(755) 

1.4672 

0.8669 

Expt.  Ill 

206.5  (753) 

1.4701 

0.8697 

Trans-B  -methyldecahydronaphthalene [12] 

76 (12) 

1.4698 

0.8693 

Cls-6  -methyldecahydronaphthalene  [12] 

84  (12) 

1.4751 

0.8846 

One  portion  of  the  reaction  product  was  subjected  to  dehydrogenation,  and  another  was  examined  for  its 
Raman  spectrum.  Dehydrogenation  was  performed  over  the  same  catalyst  and  under  the  same  conditions  as  for 
the  dehydrogenation  of  the  original  dlcyclopentylmethane.  The  presence  of  0  -methylnaphthalene  in  the  catal¬ 
yzate  was  confirmed  by  formation  of  the  picrate  with  m  p.  115.5-116°  (from  alcohol). 

According  to  the  llterature[14],0  -methylnaphthalene  picrate  melts  at  llff,  and  a -methylnaphthalene 
picrate  at  141*. 

Spectrum  of  reaction  product: 

233  (0);  291  (0);  340  (0);  373  (5);  408  (2);  442  (0.5);  466  (0.5);  502  (4);  753  (6);  769  (0);  792  (0);  833 
(0);  853.(2)  893  (10;  b*);  1017  (2;  d*);  1044  (4);  1057  (0.5);  1074  (2;  d*);  1104  (2;  d*);  1144  (0.5;  d*);  1165 

(4);  1187  (0;d*):  1203  (1. 5;  d  *  );  1253  (3;  b  •  .d  • );  1296  (0;  b*,d*);  1347  (4);  1354  (4);  1443  (20;  b*). 


•  d  =  diffuse  b  =  broad. 
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The  following  lines  were  found  In  the  spectrum  In  addition  to  those  of  dicyclopentylmethane:  373  (5); 

502  (4);  753  (6);  853  (2);  1044  (4);  1074  (2;d  •),  characteristic  of  trans-6  -methyldecahydronaphthalene. 

Experiment  III  was  performed  at  2?.  Addition  of  aluminum  chloride  to  dicyclopentylmethane  caused  the 
temperature  to  rise  to  27“ ,  after  which  It  fell  to  the  original  value.  The  product  was  purified  and  distilled  (see 
table  for  constants),  and  a  portion  was  dehydrogenated.  The  first  pass  gave  a  catalyzate  with  njj*®  1. 5350;after 
the  second  pass  the  product  had  n*®D  1.5405,  after  the  third  pass  It  had  np*®  1.5630,  and  after  the  fourth  pass 
no*®  1.5910  (the  product  of  Isomerization  had  n^*®  1.4701;  8  -methylnaphthalene  has  nj)®®  1.6019  [13]). 

The  picrate  obtained  from  the  catalyzate  melted  (after  recrystallization  from  alcohol)  at  115.5-llff .  A 
mixture  of  the  prepared  picrate  with  0  -methylnaphthalene  picrate  melted  at  115.5-116“,  l.e.  did  not  exhibit  a 
depression.  A  second  portion  of  the  product  of  Isomerization  of  dicyclopentylmethane  was  subjected  to  spectral 
analysis. 

Spectrum  of  the  prepared  product: 

284  (3):  330  (0):  347  (0);  371(8);  406  (3);  440  (0.5;  b*,d*):  464  (0.5;  b  •.d  •);  496  (7.5,  d  •);  530  (0.5); 
753  (7):  769  (0);  792  (0);  808  (0);  831  (0);  850  (3);  890  (2;  b*.d*);  978  (0.5  b*,d*);  1014  (0);  1038  (5);  1057 

(2);  1073  (0.5;  f  •  •);  1104  (0.5;  d*);  1144  (0);  1160  (5);  1196  (0.5:b*,d*);  1219  (0);  1250  (3);  1263  (0):1347 

(1.5;  d*);  1354  (4);  1443  (10);  1460  (1;  d*). 

All  of  the  most  characteristic  lines  of  trans-  0  -methyldecahydronaphthalene  [3]  are  present  In  this  spectrum: 
371  (8);  753  (7);  850  (3);  1038  (5);  1073  (0.5,  f  •  ‘X  The  presence  of  an  Insignificant  quantity  (about  2-4%)  of 
unchanged  dicyclopentylmethane  Is  also  indicated  [lines  284  (3);  890  (2;  b*,  d*)].  In  this  spectrum  the  lines  of 
trans -0  -methyldecahydronaphthalene  were  more  intense  than  In  the  spectrum  of  the  reaction  product  of  experiment 
II. 

SUMMARY 

1.  The  product  of  Isomerization  of  dicyclopentylmethane  in  presence  of  aluminum  chloride  Is  trans-0  - 
methyldecahydronaphthalene. 

2.  The  temperature  In  the  range  of  0  to  2T  does  not  Influence  the  character  of  the  Isomerization  product. 

3.  The  yield  of  0  -methyldecahydronaphthalene  at  23-2T  Is  about  96-98% 
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THE  ALKYLATION  OF  NAPHTHALENE  WITH  THE  MOLECULAR 


COMPOUND  OF  ETHYL  ALCOHOL  AND  BORON  FLUORIDE  UNDER 
PRESSURE 

I.  A.  Romadan 
Latvian  State  University 


As  was  shown  in  the  preceding  publications  [1,2],  naphthalene  is  relatively  easily  alkylated  by  molecular 
compounds  of  alcohols  with  boron  fluoride  at  the  ordinary  pressure  and  at  a  temperature  of  165-170*.  Under  these 
conditions  a  mixture  of  a- and  B -alkylnaphthalenes  and  dialkylnaphthalenes  is  obtained.  The  content  of  a- 
Isomer  in  the  monosubstltuted  products  obtained  under  these  conditions  Is  usually  45-50%.  In  later  work  [3,4] 
we  found  that  the  main  products  are  B  -isomers  if  alkylation  with  molecular  ccmpounds  is  performed  at  the 
same  temperature  but  at  a  pressure  of  20-30  atm.  Thus,  the  alkylation  of  naphthalene  with  the  molecular  com¬ 
pound  of  isoamyl  alcohol  and  BFj  under  these  conditions  gave  mainly  B  -tert-amylnaphthalene  [3].  Similar 
behavior  was  noted  In  reactions  with  other  alcohols. 

It  Is  known  that  alkylation  with  ethyl  alcohol  goes  with  much  less  facility  than  with  other  alcohols.  By 
means  of  our  reaction,  however,  naphthalene  can  be  alkylated  with  ethyl  alcohol  to  give  a  mixture  of  a-and 
B  -methylnaphthalenes.  The  B  -ethylnaphthalene  content  Is  85-90%  The  yield  of  monoethylnaphthalenes,  calc¬ 
ulated  on  the  original  naphthalene,  Is  58-63%. 


EXPERIMENTAL 

Alkylation  of  naphthalene  with  ethyl  alcohol  was  performed  In  a  0. 5-lIter  steel  autoclave  fitted  with 
mechanical  stirrer  and  elecnrical  heater.  The  reaction  was  run  in  two  steps.  The  previously  prepared  molecular 
compound  of  ethyl  alcohol  and  bcvon  fluoride  was  charged  into  the  autoclave  together  with  naphthalene  in  the 
ratio  of  2.5-3  moles  of  the  former  to  1  mole  of  the  latter.  No  solvent  was  employed.  The  temperature  was 
gradually  raised  to  165*,  at  which  point  the  pressure  reached  25-27  atm.  Heating  was  immediately  cut  off  but 
the  temperature  continued  to  rise  to  170*  before  gradually  falling  to  room  temperature.  After  cooling,  the 
contents  of  the  vessel  were  poured  into  water,  worked  up  in  the  usual  manner  and  dried  over  calcium  chloride. 
Distillation  was  then  carried  out,  first  over  metallic  sodium  and  then  In  a  vacuum  column  (48-50  theoretical 
plates).  A  compound  with  the  following  constants  was  collected; 

B.p.  258*,  76. 4* *(0.7  mm),  d^"  0.9928,  n^^  1.6003.  M  156.2,  156;  setting  point  -  7. ST. 

According  to  the  literature  [ 5],  B -ethylnaphthalene  has  b.p.  258*,  d^*®  0.992,  n^*®  1.5999,  setting 

point  -T. 


SUMMARY 

B  -Ethylnaphthalene  was  synthesized  by  alkylation  of  naphthalene  with  ethyl  alcohol  in  presence  of  boron 
fluoride. 


♦As  In  original. 
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ALKYLATION  OF  BENZENE  WITH  THE  MOLECULAR  COMPOUNDS 


OF  ALCOHOLS  AND  BORON  FLUORIDE  UNDER  PRESSURE 

I.  A.  Romadan  and  Yu,  E.  Pelcher 
Latvian  State  University 


In  preceding  work  [1-4]  we  showed  that  naphthalene  and  biphenyl  are  relatively  easily  alkylated  by  the 
molecular  compounds  of  alcohols  and  boron  trifluoride  at  elevated  temperature.  The  main  products  are  mono- 
alkylnaphthalenes  and  monoalkylbiphenyls.  But  if  the  reaction  is  run  at  a  pressure  of  20-30  atm.,  the  proportion 
of  dialkylated  hydrocarbons  Increases.  Alkylation  of  biphenyl  with  molecular  compounds  under  pressure  gives 
predominantly  para -substituted  alkylbiphenyls.  On  applying  tliis  reaction  to  toluene,  we  were  able  to  show  that 
the  reaction  takes  a  similar  course,  the  alcohol  radical  entering  mainly  in  the  para -position  to  the  methyl  [5]. 

At  the  present  time  a  number  of  monoalkylbenzenes,  such  as  ethylbenzene.  Isopropylbenzene  and  Isobutyl- 
benzene,  are  extensively  used  in  the  production  of  valuable  organic  raw  materials  for  plastic  masses  and  synthetic 
fibers.  1,4-DIalkylbenzenes  are  oxidized  to  terephthalic  acid  —  the  starting  substance  for  "Terylene."  In  view 
of  the  Importance  of  alkylbenzenes,  we  applied  our  alkylation  technique  to  benzene. 

In  this  work  we  reacted  benzene  with  molecular  compounds  of  alcohols  (ethyl,  n-propyl,  isopropyl, iso -and  n- 
butyl  and  isoamyl)  and  boron  fluoride.  The  reaction  was  performed  In  an  autoclave  at  200-230*  and  75-120 
atm.  Mixtures  of  mono-  and  dialkylbenzenes  were  obtained  in  yields  of  60-90*^0  (calculated  on  the  original 
benzene).  Alkylation  of  benzene  with  ethyl  alcohol  gave  a  mixture  of  monoethylbenzene  and  diethylbenzenes 
in  total  yield  of  60-64%;  the  ethylbenzene  made  up  about  65-70%  of  the  mixture  (calculated  on  the  total 
yield  of  ethylbenzenes).  The  remainder  was  a  mixture  of  diethylbenzenes  with  very  little  triethylbenzenes.  The 
Raman  spectrum  indicated  the  presence  of  75-80%  of  1,4-Isomer  in  the  mixture  of  diethylbenzenes;  the  remainder 
was  a  mixture  of  1,3-  and  1,2-isomers. 

Alkylation  of  benzene  with  n-propyl  and  isopropyl  alcohols  gave  the  same  product  —  isopropylbenzene.  In 
previous  work  [3,4]  we  showed  that  alkylation  of  naphthalene  and  biphenyl  with  normal  alcohols  at  atmospheric 
pressure  gave  alkylnaphthalenes  and  alkylbiphenyls  with  normal  radicals.  These  reactions  evidently  involve  a 
condensation  process  and  not  alkylation  with  intermediate  olefins.  Reaction  at  a  pressure  of  75-120  atm.,  however, 
mainly  Involves  alkylation  with  olefins  in  accordance  with  the  Markovnikov  rule.  A  similar  phenomenon  was 
observed  in  alkylation  of  benzene  with  n-butyl  and  Isobutyl  alcohols:  only  isobutylbenzene  was  formed.  The 
isopropylbenzenes  and  isobutylbenzenes  are  obtained  in  good  yields.  Alkylation  of  benzene  with  n-propyl  al¬ 
cohol  gave  78-84%  of  Isopropylbenzenes;  in  the  reaction  with  isopropyl  alcohol  the  yield  of  Isopropylbenzenes 
was  84%  (calculated  on  the  benzene  brought  into  reaction).  It  was  found  that  the  yield  of  diisopropylbenzenes 
depends  on  the  quantities  of  alcohol  introduced  Into  the  reaction:  with  an  alcohol/ benzene  ratio  of  1:1.25  the 
yield  of  diisopropylbenzenes  did  not  exceed  15-18%;  with  ratios  of  1:1.5  or  1:1.75  the  yields  of  dialkylbenzenes 
rose  to  40-50%  (calculated  on  the  total  quantity  of  alkylbenzenes).  The  Raman  spectra  indicated  that  75-80% 
of  the  dialkylbenzenes  were  1,4-dIalkyl  derivatives.  Alkylation  of  benzene  with  n-butyl  alcohol  gave  Isobutyl¬ 
benzenes  in  92%  yield;  the  yield  of  monolsobutylbenzene  was  70-71%  As  in  the  case  of  propyl  alcohols,  an 
increase  in  the  amount  of  reacting  alcohol  leads  to  higher  yields  of  dlisobutylbenzenes. 

Alkylation  of  benzene  with  Isoamyl  alcohol  gave  Isoamylbenzenes  In  total  yield  of  90-93%  The  yield 
of  mono-  and  diisoamylbenzenes  depends  on  the  ratio  of  benzene  to  original  alcohol ;  with  a  1: 1  ratio  the  main 
product  is  monoisoamylbenzene  (80-82%  of  the  total  mixture ).Among  the  diisoamylbenzenes  the  main  product 
is  the  1,4-isomer.  Isoamylbenzenes  possess  a  pleasant,  fruity  odor. 
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The  structures  of  the  prepared  compounds  were  confirmed  by  analyses  by  Infrared  spectroscopy.  • 

In  previous  work  It  was  found  that  the  Iso  radical  Is  converted  Into  a  tertiary  radical  during  alkylation  of 
naphthalene  and  biphenyl  with  isobutyl  and  Isoamyl  alcohols  at  atmospheric  and  higher  pressures.  Alkylation  of 
biphenyl  with  Isobutyl  alcohol  gave  p-tert'  butylblphenyl  with  m.  p.  52* ;  alkylation  with  Isoamyl  alcohol  gave 
p-tert-amylblphenyl  with  m.p.  46°. 

In  the  light  of  these  results  we  expected  to  obtain  benzenes  with  tertiary  radicals  after  reactions  wldi  Iso- 
butyl  and  Isoamyl  alcohols.  These  expectations  were  not  fulfilled;  die  alkylbenzenes  formed  In  these  reactions 
had  the  structures  CgHgCHjCHfCH,),  and  CeHgCHjCHjCHlCHa)^. 

The  butyl-  and  amylbenzenes  that  we  Isolated  rapidly  react  with  bromine  In  carbon  tetrachloride;  this 
Indicates  the  presence  of  a  CH  group.  The  Raman  and  Infrared  spectra  confirmed  the  chemical  f  Indings. 

We  have  so  far  been  unable  to  explain  why  normal  radicals  Isomerize  during  reaction  while  iso  radicals 
remain  unchanged.  Further  work  Is  necessary  before  the  problem  can  be  solved.  Alkylation  with  alcohols  is 
clearly  a  very  complex  and  unusual  process.  Alkylbenzenes  with  Iso  radicals  are  formed  side  by  side  with 
ethers  containing  the  same  radicals  as  In  the  original  alcohol.  Alkylation  of  benzene  with  n-propyl  and  n- 
butyl  alcohols  gave  Isopropyl  and  isobutylbenzenes,  while  secondary  products  were  dlpropyl  and  dibutyl  ethers 
with  normal  radicals.  We  Isolated  diethyl,  dlpropyl,  dllsopropyl,  dlbutyl,  dllsobutyl  and  dilsoamyl  ethers,  the 
yields  of  which  in  some  experiments  reached  60-70%  (calculated  on  the  original  molecular  compound  of  the 
alcohol  and  BF3).>  The  direction  of  the  reaction  Is  found  to  depend  on  the  experimental  conditions,  and  it  can 
be  varied  as  desired. 


EXPERIMENTAL 

Alkylations  of  benzene  with  alcohols  were  carried  out  In  a  0.5-liter  autoclave  designed  for  a  pressure  of 
500  atm.  Previously  prepared  compounds  of  alcohols  with  BF3,  corresponding  to  the  formula  2ROH  •  BF3,  were 
charged  Into  the  autoclave  together  with  the  benzene  In  the  ratio  of  1.5-2  moles  alcohol  to  1  mole  benzene. 

By  means  of  an  electric  furnace  the  temperature  was  gradually  raised  to  200-230*  (depending  upon  the  alcohol) 
and  It  was  then  held  for  2-3  hr.  In  most  of  the  reactions  the  maximum  pressure  was  100-120  atm.  The  autoclave 
was  then  cooled  to  room  temperature,  and  the  contents  were  poured  Into  water;  the  mass  was  thoroughly  washed 
with  sodium  carbonate  solution  and  finally  with  water.  After  It  had  been  dried  over  calcium  chloride,  the  product 
was  given  a  preliminary  distillation  from  a  flask  with  a  dephlegmator;  It  was  then  carefully  fractionated  In  a 
51-52-plate  column.  DIalkylbenzenes  that  did  not  come  over  at  atmospheric  pressure  were  fractionated  in  a 
vacuum  column. 

Reaction  conditions,  yields  of  products  and  constants  are  set  forth  In  the  table. 


SUMMARY 

1.  Alkylation  of  benzene  with  molecular  compounds  of  alcohols  and  BF3  under  the  described  conditions 
gave  mono-  and  dialkylbenzenes  in  yields  depending  on  the  proportions  of  reactants. 

2.  The  main  product  among  the  dialkylbenzenes  was  the  1,4-Isomer. 

3.  In  alkylations  at  the  specified  pressures,  the  n-propyl  and  n-butyl  radicals  Isomerize,  whereas  isobutyl 
and  Isoamyl  radicals  remain  Intact, 

4.  Alkylation  of  benzene  with  the  alcohols  named  gave  alkylbenzenes  In  good  yields. 
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THE  SYNTHESIS  OF  ACETALS  AND  KETALS  WITH  THE  HELP  OF 
TETRA ALKYLANES 

I.  N,  Nazarov,  S,  M.  Makin,  B.  K.  Kruptsov  and  V.  A.  Mironov 
Moscow  Institute  of  Fine  Chemical  Technology 


In  connection  with  investigations  on  the  synthesis  of  isoprenold  and  polyenic  compounds  we  had  to  prepare 
acetals  and  ketals  of  various  aldehydes  and  ketones.  It  Is  well  known  that  esters  of  orthoformic  acid  are  the 
most  effective  acetalizing  agents.  Due,  however,  to  their  high  price,  these  esters  cannot  be  used  for  the  produc¬ 
tion  of  acetals  and  ketals  on  the  large  scale.  Our  attention  was  therefore  directed  towards  the  easily  obtainable 
and  accessible  esters  of  ortliosillcic  acid  (tetraaryloxysilanes). 

Helferich  and  Hansen  [1]  showed  that  tetraalkoxysllanes  can  acetallze  aldehydes  and  ketones  in  an  al  '.oholic 
medium  (2-3  moles  alcohol  per  mole  aldehyde  or  ketone)  In  presence  of  hydrogen  chloride.  We  encountered  a 
number  of  difficulties  on  attempting  to  prepare  some  acetals  and  ketals  by  this  method.  In  numerous  experiments 
on  the  preparation  of  ketals  of  acetone,  for  example,  we  obtained  them  in  yields  of  only  10-15*70  The  main 
product  of  reaction  of  tetramethaxysllane  with  crotonaldehyde  was  1,1,3-trImethoxybutane  (yield  60*70).  The  di- 
methylacetal  of  crotonaldehyde  was  obtained  In  a  yield  of  only  12-15*7a 

We  decided  to  make  a  more-detailed  study  of  the  reaction  of  tetraalkoxysllanes  with  aldehydes  and  ketones 
under  various  conditions. 

We  tested  the  following  as  acetallzatlon  catalysts  for  the  reaction  of  acetone  with  tetraalkoxysllane:  hydro¬ 
gen  chloride,  concentrated  sulfuric  acid,  p-toluenesulfonic  acid,  phosphoric  acid,  boron  trifluorlde  etherate,  and 
trichloroacetic  acid.  The  best  catalyst  was  found  to  be  phosphoric  acid,  and  this  was  therefore  used  In  the  pre¬ 
paration  of  all  of  the  acetals  and  ketals. 

Contrary  to  the  existing  opinion,  tetraalkoxysllanes  readily  enter  into  reaction  with  aldehydes  and  ketones 
in  presence  of  a  small  quantity  of  alcohol.  For  example,  acetone  diethylketal  is  obtained  in  93*70  yield  with  the 
help  of  tetraethoxysilane  by  using  0.5  mole  alcohol  per  mole  of  acetone.  The  dimethyl  and  diethyl  acetals  of 
acetaldehyde,  proplonaldehyde,  butyraldehydedsobutyraldehyde,  methyl  ethyl  ketone,  citral,  etc.,  were  similarly 
obtained  in  very  good  yields;  the  preparation  of  the  dimethyl-  and  diethylacetals  of  crotonaldehyde  was  found  to 
require  only  0.1  to  0.2  mole  alcohol  per  mole  aldehyde.  This  is  an  important  factor  in  the  preparation  of  low- 
boiling  acetals  and  ketals  since  the  need  for  only  a  small  quantity  of  alcohol  during  the  acetalization  reaction 
means  that  after  distillation, from  the  reaction  mass  the  acetals  and  ketals  have  a  low  content  of  alcohols.  The 
latter  can  be  easily  removed  from  the  acetal  by  washing  with  a  little  water.  When  the  resulting  low -boiling  acetal 
is  heavily  diluted  with  alcohol,  its  purification  is  a  difficult  problem  because  washing  with  water  leads  to  loss  of 
a  high  proportion  of  the  acetal  in  the  aqueous  alcoholic  solution.  Great  difficulty  is  also  attached  to  removal  of 
the  alcohol  by  distillation  since  difficultly  resolvable  azeotropic  mixtures  of  acetals  and  alcohol  are  usually 
formed.  The  quantity  of  alcohol  introduced  into  the  reaction  is  less  critical  in  the  preparation  of  high -boiling 
acetals  (of  methylheptenone,  cyclohexanone,  furfural,  etc.)  since  the  alcohol  can  be  easily  removed  by  distillation. 

The  proportion  of  alcohol  used  In  the  acetalization  of  crotonaldehyde  is  particularly  important.  With  0.1 
to  0.2  mole  alcohol  per  mole  aldehyde,  dimethyl-  and  diethylacetals  of  crotonaldehyde  can  be  obtained  in  a 
yield  of  up  to  80*7a  If  the  alcohol  proportion  is  higher  (over  1  mole)  the  main  reaction  products  are  1,1,3-trialk - 
oxybutanes  [2]. It  is  interesting  to  note  that  acetalization  of  crotonaldehyde  also  takes  place  in  the  absence  of  al¬ 
cohol,  but  the  reaction  is  very  much  slower  and  the  yield  of  acetal  Is  only  47*7a 
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Serial  No, 


TABLE  1 


1 

2 


3 


5 


() 


8 

!t 

10 

11 

12 


13 


14 

15 
If. 


17 


18 


Reaction  conditions  | 

Bolling 

carbonyl  com- 

Name 

point 
(pressure 
in  mm) 

pound:  tetra- 
alkoxysilane: 
alcohol(moles): 

tempera- 

ture 

d 

e  ? 

Yield 

m 

85^H^04(ln 

4)  S 

E> 

Acetaldehyde  diethyl- 
acetal 

i0i_i(i3<’ 

1.3819 

1  :  1  :  0.5  :  2 

35-80° 

8 

A 

61 

r'ropionaldehyde  di- 
ethylacetal 

12.3-125 

1..3894 

1  : 1  :  0.5  :  2 

50—80 

8 

A 

72 

Butyraldehyde  dl- 
cthylacetal 

112—113 

1.3888 

1  :  1  :  1.2  :  2 

20 

24 

B 

90 

Butyraldehyde  di- 
ethylacetal 

143-145 

1.3958 

1:1:  0.5  :  2  * 

20 

48 

B 

92 

Isobutyraldehyde  di- 
methylacetal 

100—103 

1.3875 

1:1:  0.5  r  2 

60-80 

8 

A 

77 

Isobutyraldehyde  di- 
ethylacetal 

134-1.30 

1.3930 

1:1:  0.5  :  2  •• 

60—80 

8 

B 

97 

Acetone  dimethyl - 
ketal 

78-80 

1..3778 

1  :  0.9  :  0.5  :  5 

60-80 

8 

A 

81 

Acetone  diethylketal 

112-114 

1.389.3 

1  :0.9  :  0.5  :  0 

70—90 

8 

A 

93 

Methyl  ethyl  ketone 
dlmethylkeial 

100—107 

1 .3928 

1:1:  0.5  :  0 

90— 1(X) 

8 

A 

68 

Methyl  ethyl  ketone 

1.3'i— 1.35 

1 .3990 

1:1:  0.5 : 0 

90— 1(X) 

8 

A 

60 

diethylketal 

Cyclohexanone  di- 
methylketal 

1.58-102 

1.4.307 

1  :  1  :  2 :  2 

8 

B 

90 

100 

Cyclohexanone  di- 
etnylketal 

75(15) 

1.4.370 

1  : 1  :  2  :  2 

100 

8 

B 

94 

Cyclopentanone  di- 
eihylRetal 

77—78 

(35) 

1.42.50 

1:1:1:  2.5 

100 

8 

B 

72 

Furfural  dimethyl - 
acetal 

.55- .50 

(H) 

1.4.502 

1:1:  0.5 :  2 

80—90 

6 

B 

98 

Furfural  diethylaceial 

70—77 

1.4398 

1  :  1  :()..5:2  •• 

90— 1(K) 

6 

B 

97 

(13) 

Sorbaldehyde  di- 
ethylacetal 

.84-85 

(12) 

1 .4535 

1  :  1.4  :  0.5  :  5 

20 

120 

B 

75 

Crotonaldehyde  di- 
ethylacctal 

147-1.50 

1.41.3.5 

1  :  1  :0..5  :  1.5 

20 

144 

B 

56 

3  -Methylcroton- 

70—72 

1.4204 

1  : 1.1  :o.5:2 

20 

72 

0 

72 

aldehyde  diethylacetJ 

'1  (2.5) 

•200  ml  ether  added  to  the  reaction  mixture. 

•  *150  ml  benzene  added  to  the  reaction  mixture. 
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TABLE 


A  gelatinous  mass  is  formed  some  time  after  the  start  of  the  reaction  during  preparation  of  the  diethyl- 
acetals  of  butyraldehyde,  Isobutyraldehyde  and  crotonaldehyde.  This  behavior  greatly  slows  down  the  reaction, 
and  the  yield  of  acetals  Is  reduced.  Gelatlnizatlon  can  be  avoided  by  performing  the  reaction  in  inert  solvents 
(benzene  or  ether). 

Two  methods  of  working -up  were  used  for  Isolation  of  acetals  and  ketals  from  the  reaction  mass  (methods 
A  and  BX 

When  the  boiling  points  of  the  resulting  acetals  or  ketals  are  lower  than  the  original  tetraalkoxysllanes,  It 
Is  expedient  to  distil  them  from  the  reaction  mass  at  atmospheric  pressure  or  In  low  vacuum.  Silicon  compounds 
present  as  impurities  are  eliminated  by  treatment  of  the  product  with  30%  alkali, followed  by  2  to  3  washings 
with  water  (the  latter  for  removal  of  alcohol);  the  products  is  then  dried  and  distilled  (method  A)  [3].  High- 
boiling  acetals  and  ketals  are  Isolated  from  the  reaction  mass,  without  prior  distillation,  by  shaking  for  0.5  hr  with 
30%  alkali,  removal  of  the  alcoholic  layer,  drying  and  distillation  (method  B). 

Diethylacetals  of  crotonaldehyde  and  methylheptenone  were  also  obtained  In  good  yield  with  the  help  of 
orthoformlc  ester.  In  addition,  we  prepared  the  cvdlc  ketal  of  methylheptenone  (methylheptenone  ethylene- 
ketal).  Reaction  was  effected  by  heating  methylheptenone  with  ethylene  glycol  In  a  medium  of  anhydrous 
benzene  in  presence  of  p-toluenesulfonic  acid,  and  the  water  of  reaction  was  distilled  off  simultaneously. 

All  of  the  acetals  and  ketals  prepared  in  this  work  are  set  forth  in  Tables  1  and  2. 

EXPERIMENTAL 

Dlmethylacetal  of  crotonaldehyde.  A  mixture  of  183  g  crotonaldehyde,  436  g  tetramethoxysilane,  10.5  ml 
methyl  alcohol  and  2.5  ml  of  85%  phosphoric  acid  was  left  for  3  days  at  room  temperature.  The  odor  of 
crotonaldehyde  disappeared  completely.  The  acetal  was  distilled  off  in  a  vacuum  (70-75"  at  170  mm), treated 
with  200  ml  30%  sodium  hydroxide,  twice  washed  with  water  (up  to  200  ml),  dried  with  anhydrous  potassium 
carbonate,  and  distilled  at  atmospheric  pressure  to  give  232  g  dlmethylacetal  of  crotonaldehyde.  The  wash 
waters  were  extracted  with  ether,  and  the  ethereal  extract  was  washed  with  water, dried  and  distilled.  A  further 
18  g  acetal  was  obtained.  Total  yield  250  g  (82%)  of  the  dlmethylacetal  of  crotonaldehyde  (Table  2,No.  19). 

Citral  diethylacetal.  A  mixture  of  45.  Ggcitral,  68.6  g  tetraethoxysilane,  8.8  ml  anhydrous  ethyl  alcohol 
and  0,5  ml  85%  phosphoric  acid  was  left  at  room  temperature  for  2  days  and  then  heated  with  150  ml  30% 
sodium  hydroxide.  The  product  was  extracted  with  ether,  dried  with  anhydrous  potassium  carbonate  and  distilled 
In  vacuum.  Yield  59  g  (87%)  of  citral  diethylacetal  (Table  2,  No.  22). 

Crotonaldehyde  diethylacetal.  A  mixture  of  82.5  g  crotonaldehyde,  150  g  orthoformlc  ester,  40  ml  an¬ 
hydrous  alcohol  and  2.8  ml  85%  phosphoric  acid  was  left  at  room  temperature  for  40  hr.  The  product  was 
neutralized  with  ammonia,  diluted  with  an  equal  volume  of  ether,  washed  with  water,  dried  with  potassium 
carbonate  and  distilled.  Yield  113  g  (77%)  of  crotonaldehyde  diethylacetal  (Table  1,  No.  17). 

2-Methylhepten-2-one-6  diethylketal.  A  mixture  of  63  g  methylheptenone,  74  g  orthoformlc  ester,  70  ml 
anhydrous  ethyl  alcohol  and  3  drops  of  concentrated  sulfuric  acid  was  left  overnight  and  then  heated  at  60*  for 
4.5  hr.  The  product  was  poured  into  200  ml  aqueous  ammonia  and  extracted  with  250  ml  ether.  The  ethereal 
extract  was  twice  washed  with  water,  dried  with  anhydrous  potassium  carbonate  and  distilled  In  vacuum  to  give 
77.8  g  (78%)  of  methylheptenone  diethylketal  (Table  2,  No.  24). 

Methylheptenone  ethyleneketal.  42  g  methylheptenone,  80  ml  anhydrous  benzene,  25  g  ethylene  glycol 
and  0.3  g  p-toluenesulfonic  acid  were  charged  into  a  round -bottomed  flask,  fitted  with  water  lead-off  and  reflux 
condenser.  The  mixture  was  boiled  for  2  hr,  during  which  period  7  ml  water  was  separated.  The  product  was 
neutralized  with  sodium  methoxide,  extracted  with  ether,  washed  with  water,  and  dried  with  calcium  chloride. 
Distillation  gave  37  g  (65%)  of  ketal. 

B.p.  51-53*  (2  mm),  n^*®  1.4503,  djo*®  0.9313,  MR  49.22;  calc.  49.00. 

Found  %  C  70.46,  70.68;  H  10.68;  H  10.28.  CioHjgOj  Calculated  %  C  70.50;  H  10.58. 


SUMMARY 


Tetraalkoxysllanes  were  used  In  a  newly  developed  method  of  preparation  of  acetals  and  ketals  of  various 
aliphatic  aldehydes  and  ketones,  a.d-unsaturated  aldehydes,  and  cyclic  ketones. 
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SYNTHESIS  OF  VINYL  AND  DIENIC  ETHERS 


I.  N.  Nazarov,  S.  M.  MakIn,  B.  K.  Kruptsov  and 
V.  A.  Mironov 

Moscow  Institute  of  Fine  Chemical  Technology 

Vinyl  ethers  are  each  year  increasing  in  Importance  in  organic  chemistry  thanks  to  their  great  reactivity 
In  various  chemical  transformations.  Several  methods  are  known  for  the  preparation  of  vinyl  ethers,  of  which 
the  following  are  the  most  convenient  in  practice: 

1)  Reaction  of  acetylene  and  its  homologs  with  alcohols  in  presence  of  alkali  [1,2]  (method  of  A.  E. 
Favorskii  and  M.  F.  Shostakovskii). 

2)  Reaction  of  vinyl  halides  with  alkoxides  or  with  alcoholic  solutions  of  caustic  alkali  [3]  (method  of 
A.  M.  Butlerov). 

3)  Catalytic  cleavage  of  alcohol  from  acetals  [4], 

The  first  two  methods  have  become  important  mainly  for  the  synthesis  of  vinyl  ethers  without  substituents 
in  the  vinyl  group.  Vinyl  ethers  with  various  substituents  in  the  vinyl  group  are  more  conveniently  prepared  by 
catalytic  decomposition  of  acetals  and  ketals  (method  3). 

Not  long  ago  we  published  our  method  of  synthesis  of  various  acetals  and  ketals  with  the  help  of  tetra- 
alkoxysilanes  [6]. 

We  have  also  utilized  the  prepared  acetals  and  ketals  for  the  synthesis  of  vinyl  ethers  containing  various 
substituents  in  the  vinyl  group. 

Sigmund  and  Uchan  [4]  established  the  possibility  of  splitting  off  an  alcohol  and  forming  vinyl  ethers  by 
passing  the  vapors  of  acetals  over  granules  of  clay.  But  the  yields  were  very  low,  due  to  formation  of  secondary 
products  such  as  acetaldehyde  and  crotonaldehyde,  carbon  monoxide  and  methane.  This  method  was  later  im¬ 
proved  by  Reppe  [5]  by  using  noble  metals  as  catalysts  (silver,  gold  and  platinum). 

We  made  use  of  phosphates  —  NaH2P04  and  MgHP04—  as  catalysts  for  detachment  of  alcohol  from  acetals. 
Passage  of  vapors  of  the  dimethyl  and  diethylacetals  of  acetaldehyde,  propionaldehyde,  butyraldehyde  and  iso- 
butyraldehyde,  also  of  the  dimethyl-  and  diethylacetals  of  acetone  and  cyclohexanone,  over  these  catalysts  at 
300  -375*  led  to  the  corresponding  substituted  vinyl  ethers  (Table  1). 

It  was  shown  by  Meier  [7],  and  a  little  later  by  Flaig  [8]  and  Falmilo  [9],  that  acetals  of  crotonaldehyde 
and  0  -alkoxyacetals  of  butyraldehyde  (1,1,3-trialkoxybutanes)  are  converted  into  dienic  ethers  (l-alkoxy-1,3- 
butadienes)  on  passage  over  certain  catalysts  at  250-350*. 

Wichterle  [10]  reported  the  preparation  of  l-alkoxy-l,3-butadIenes  by  prolonged  treatment  of  acetals  of 
0  -chlorobutyraldehyde  with  potassium  hydroxide.  Flaig  [8],  however,  failed  to  obtain  1-alkoxybutadienes  by 
this  route. 

Dienic  ethers  are  of  great  Interest  in  organic  chemistry.  The  two  conjugated  double  bonds  and  the  re¬ 
activity  of  the  alkoxyl  group  are  indicative  of  great  synthetic  possibilities. 

Special  interest  is  attached  to  the  alkoxyisoprenes  (l-alkoxy-3-methyl-l,3-butadIenes)  whose  methyl 
group  in  tlie  3  position  endows  them  with  an  isoprenold  structure  that  permits  them  to  be  used  for  the  synthesis 
of  important  isoprenoids  [11,  12]  (dehydrocitral,  farneslnal,  vitamin  A,  carotene,  etc.). 
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In  the  present  work  we  realized  for  the  first  time,  and  developed,  the  synthesis  of  methoxy-  and  ethoxylso- 
prenes,  and  we  also  studied  the  synthesis  of  methoxy-  and  ethoxybutadienes  described  previously  [  7,  8,  9]. 

The  alkoxydlenes  in  question  were  prepared  by  catalytic  decomposition  of  acetals  of  crotonaldehyde  and 
B -methylcrotonaldehydes,  as  well  as  of  1,1,3-trlalkoxybutanes  and  l,l,3-trlalkoxy-3-methylbutanes. 

Dimethyl-  and  diethylacetals  of  8  -methylcrotonaldehyde  were  prepared  by  the  following  reactions  [13]: 

Clin.  CMnv  .OH  ^011  ✓^>11 

V.IICllsCHO  pencil HrCIl/ - v  ^C-CMCn/ 

Cll./  CII3/  \OH  Cll/  \)H 

R  =CH3,  C,II  . 


TABLE  1 


Serial  No. 

Acetal  or  ketal 

Reaction 

cemperaturi 

«> 

Vinyl  ether  • 

3oiling 

point 

”0 

$ 

s  ^ 
2# 
2  a 

1 

CHjCIKOCHj), 

375° 

41 

CH,=CIlO0H, 

7—8° 

07 

2 

011,011(00,11,), 

325 

(>7 

CH,=CHOO,H, 

34-36 

1.3780 

73 

.3 

011,011,011(0011,), 

325 

84 

OH,CH=CHOC11, 

45-47 

1.3758 

74 

4 

011,011,011(00,11,), 

320 

75 

011,011=01100,11, 

69 

1.3988 

75 

5 

011,011,011,011(0011,), 

325 

53 

011,011,011  =CHOCH, 

74—77 

1.3995 

70 

() 

011,011,011,011(00,11,), 

325 

()0 

011,0H,0H=0HO0,H, 

94 

1.4050 

75 

7 

(Oil,), 011011(0011,), 

325 

00 

(0H,),0=0IlO011, 

70—73 

1.3965 

60 

« 

(0ll,),011Oll(()0,H,), 

325 

00 

(011,),0=01100,H. 

88—90 

1 .4046 

75 

9 

(Cll,,),0(O01l3), 

325 

00 

0H,=0(0H,)O0H, 

38-39 

1.3738 

77 

10 

(CH,),0(O0,ll,), 

0011, 

300 

1(K) 

0I1,=C(011,)00,H, 

,'^\-0011, 

60-63 

1.3929 

68 

11 

1  I^OOH, 

\x' 

.00,115 

.340 

75 

1  1 

\  •' 

/\-00,ll. 

140-143 

1.4590 

73 

12 

1  1^00,11, 

325 

.50 

1  II 

\  ■ 

156-158 

1 .4500 

76 

•Vinyl  methyl  ether  was  prepared  with  use  of  NaH2P04  as  catalyst;  all  the  remaining 
ethers  in  the  table  with  use  of  MgHPO^  •  NajSiOs. 

•  •Yields  are  calculated  on  acetal  or  ketal  passed  through. 

1,1,3-Trimethoxybutane  and  1,1,3-triethoxybutane  were  prepared  by  addition  to  crotonaldehyde  of  the 
appropriate  alcohols  in  presence  of  hydrogen  chloride  [7]. 

In  addition,  we  prepared  1,1,3-triethoxybutane  from  vinyl  ethyl  ether  and  alcohol  acceding  to  the  scheme: 

OC2H6 

c.M,oH 

Hci  ^00.2115  ^OCnlls 


The  whole  of  this  process  can  be  realized  in  a  single  operation  without  isolation  of  acetaldehyde  diethyl- 
acetal  in  the  pure  state.  Condensation  of  the  first  molecule  of  vinyl  ethyl  ether  with  alcohol  in  presence  of  traces 
of  hydrochloric  acid  gives  the  acetal  [  14];  to  this  is  added  a  little  boron  fluoride  trletherate  as  catalyst,  and  a 
second  molecule  of  vinyl  ethyl  ether  is  added  on  [  15]. 


We  synthesized  l,l,3-trIalkoxy-3-niethylbutanes,  needed  for  preparation  of  alkoxyisoprenes,  in  analogous 
fashion  by  condensing  acetone  ketals  with  vinyl  alkyl  ethers  [11]. 

In  order  to  avoid  further  condensation  of  the  resulting  l,l,3-trlalkoxy-3-methylbutane  with  the  vinyl  ether, 
it  is  necessary  to  bring  a  50%  excess  of  acetone  ketal  into  reaction. 

Hardly  anything  is  known  about  the  addition  of  ketals  to  vinyl  ethers.  The  only  published  information  is  in 
a  patent  on  the  addition  of  ketals  of  acetone  and  cyclohexanone  to  vinyl  methyl  ether  in  low  yield  [16]. 

Catalytic  breakdown  of  acetals  of  crotonaldehyde,  8  -methylcrotonaldehyde  and  trialkoxybutanes  to  dienic 
ethers  was  effected  over  NaH2P04  and  MgHP04.  Active  carbon,  silica  gel  and  glass  wool  were  used  as  carriers 
for  these  catalysts. 

The  reaction  was  conducted  in  vacuum  (10-20  mm)  in  a  nitrogen  stream. 


C"3\ 

GU/ 


c=cik:ii 


^on 


G\h\ 

cu/ 


OH 

d:— CH2C11 


.OR 

^ou 


\  CH, 

I 

\ — »  Cll2=C— CH=CHOH 

/ 

R  =  CHj.CjH* 


Catalytic  breakdown  of  l,l,3-trlethoxy-3-methylbutane  to  ethoxyisoprene  was  studied  over  the  following 
catalysts;  MgHP04  •  Na2Si03,  MgHP04  on  active  carbon,  NaH2P04,and  NaH2P04C’)(the  last  two  on  silica  gel).  The 
maximum  yield  of  ethoxyisoprene  is  obtained  with  MgHP04  on  active  carbon  and  with  MgHP04  •  NajSiOg  (Table 
2). 

The  active  life  of  these  catalysts  was  also  investigated.  MgHP04  on  carbon  was  the  most  stable  catalyst; 
after  10 -hour's  working  .the  yield  of  ethoxyisoprene  fell  from  74  to  59%  The  activity  of  catalysts  prepared  from 
NaH2P04  falls  off  very  much  faster.  After  only  5  hours  the  yield  of  ethoxyisoprene  over  these  catalysts  fell  to 
38% 

We  also  investigated  the  catalytic  breakdown  of  3-methyl-l,3-dimethoxy-l-ethoxybutane  and  found  that 
the  reaction  gives  a  mixture  oi  methoxy-  and  ethoxyisoprenes  in  approximately  equal  quantities. 


EXPERIMENTAL 

1,1,3-TrIethoxybutane.  3-4  drops  of  concentrated  hydrochloric  acid  was  added  with  vigorous  stirring  to  a 
mixture  of  264  g  vinyl  ethyl  ether  and  215  ml  ethyl  alcohol  cooled  to  -12*.  The  temperature  slowly  rose  to  0* 
and  then  rapidly  to  55“.  The  mixture  was  stirred  for  a  further  0.5  hr;  0.5  ml  boron  fluoride  etherate  was  then 
added;  this  was  followed  by  addition  of  80  g  vinyl  ethyl  ether  at  40"  in  the  course  of  40  minutes  from  a  dropping 
funnel.  The  mixture  was  stirred  1.5  hr  at  55",  neutralized  with  sodium  ethoxide  and  distilled.  291  g  of  acetal¬ 
dehyde  acetal  was  obtained  with  b.p.  102-104"  and  128.5  g  1,1,3-trlethoxybutane  with  b.p.  76-78*  (10  mm). 

a-Bromoisovaleraldehyde  dlmethylacetal.  Into  a  3-necked  flask,  fitted  with  reflux  condenser,  mechanical 
stirrer  and  dropping  funnel,  were  charged  345  g  isovaleraldehyde  and  450  ml  dry  chloroform.  205  ml  bromine 
in  200  ml  dry  chloroform  was  introduced  into  the  mixture  (cooled  to  -25  to  -30")  In  the  course  of  5  hr  in  presence 
of  the  light  from  a  quartz  lamp.  In  the  course  of  2  hr  the  temperature  of  the  mixture  rose  to +5*;  at  this  stage 
1650  ml  anhydrous  methanol  was  added  and  the  reaction  mass  was  stood  at  room  temperature  for  2  days.  The 
product  was  poured  into  a  solution  of  160  g  sodium  hydroxide  and  40  g  sodium  carbonate  in  5  liters  water.  The 
lower  chloroform  layer  was  separated  and  the  upper  layer  extracted  with  chloroform.  The  chloroform  extracts 
were  combined,  dried  with  calcium  chloride  and  distilled  to  give  541  g  (66%)  of  a-bromoisovaleraldehyde 
dlmethylacetal  with  b.p.  71-74*  (16  mm),  n^^  1.4587. 

The  diethylacetal  of  a-bromolsovaleraldehyde  was  similarly  prepared;  yield  72%;  b.p.  82-85%,  n^*® 
1.4462  [13]. 
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TABLE  2 


Acetal  *  or  ketal 


CH,CH=CHCII 


OCH, 


OCH, 

cn,cilcn,cii(^ 


,OCH, 

ocn. 


CH,CH=CHCIl 


,or,n, 

'OC,H» 


OC,H» 

I  /OC,H, 

(;n,cHcn,cHC 

\oC,H, 

CH,.  /OCHj 

>c=cncH< 
ch/  ^och, 

OCH, 

CH,.  I  OCII, 

>c-cn,cii; 

CH/  ^OCII, 

CH,.  OC,ll. 

\c=cii(n^ 


CH/ 


'0(',H 


OC.H, 
on,.  I 

>(’-CH,Cll^ 


CH, 


xOCjH. 

OC,H, 


Catalyst  (in  g) 


I  3 


MgHPO,  •  Na,SIO, 
(48) 

NaHjPO, 

(66) 

MrHPO,  •  Nn,S10, 
(48) 


NaHjPt), 

(60) 


MrHPO,  •  Na,S10, 
(48) 


NaHjPO. 

(60) 

NiiH,PO„  Nall.PO,  .  SlO,| 
(65)  ^ 

MrHPo,  on  carbon 


MgllPO,  •  Na,SIO, 
(55) 


1‘S 


Alkoxydiene;  boiling 
point  (pressure  in  mm) 

"D*®.d4*®,MR  found,  MR! 
:^culated.  I 


350° 

320 

350 

350 

320 

350 

350 

320 

305 

350 

:kX) 

350-3;H)1 


) 

I 

I  CH,:=CH-CH=CHOCH, 
[  90-91®,  1.4615,  0.8315, 
27.78;  26.13 


CH,-CH-CH=CHOC,H, 
65-67  (160),  1.4616 


CH, 

I 

CH,=C-CH=CnOCH, 
115-116,  1.4653,  0.8403, 
32.31;  30.77 


1 

CH, 

I 

CH,=C-CH=CH  OC,H, 

75-77(90),  1.4618,  0.8345 
36.87;  35.23 


71 


•  Reaction  in  vacuum  (10-20  mm). 

•  •Yields  based  on  acetal  or  alkoxyacetal  passed  over. 


S  -Methylcrotonaldehyde  dimethylacetal.  A  mixture  of  100  g  potassium  hydroxide  and  328  g  a-bromo- 
isovaleraldehyde  dimethylacetal  was  heated  with  vigorous  stirring  at  140-145“  in  a  nitrogen  atmosphere  for  6 
hours.  The  reaction  product  was  distilled  in  vacuum  (about  30  mm),  200  g  potassium  hydroxide  was  added  to  it, 
and  the  mixture  was  heated  for  a  further  6  hr  at  140-15(f .  The  resulting  acetal  was  distilled  in  vacuum. (b.p. 
62-65“  at  55  mm)  and  dried  with  anhydrous  potassium  carbonate.  Redistillation  gave  144  g  (71%)  of  6  “methyl¬ 
crotonaldehyde  dimethylacetal  with  b.p.  135-138“,  n^*®  1.4200. 

0  -Methylcrotonaldehyde  diethylacetal  was  similarly  prepared  in  88%  yield;  b.p.  60-62“  (17  mm),  n^*® 
1.4190  [13]. 

l,l,3-Triethoxy-3-methylbutane.  1300  g  acetone  diethylketal  and  5.2  ml  boron  fluoride  etherate  were 
charged  into  a  three-necked  flask,  equipped  with  mechanical  stiner,  dropping  funnel,  reflux  water  condenser  , 
dropping  funnel  and  thermometer.  The  mixture  was  cooled  with  iced  water  to  3-4’ ,  and  at  this  temperature 
500  g  vinyl  ethyl  ether  was  stirred  in  over  a  period  of  3.5  hr.  Stirring  was  continued  for  a  further  3.5  hr,  after 
which  the  mixture  was  neutralized  with  sodium  ethoxide  and  distilled.  695  g  substance  with  b.p.  90-120*  was 
obtained.  It  was  washed  twice  with  water,  dried  with  potassium  carbonate,  and  redistilled  to  give  615  g  of  un¬ 
changed  acetone  diethylketal  (b.p.  110-114“)  and  903  g  l,l,3-triethoxy-3-methylbutane. 

B.p. 83-85“  (11  mm),  n^*®  1.4145,  djo*®  0,8813  MR  58.01;  calc.  57.92. 
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Found  oj<t  C  64.55,  64.45;  H  11.80,  11.77.  Calculated  %C  64.66;  H  11.84. 

The  yield  was  64^o  calculated  on  the  vinyl  ether,  and  85%  calculated  on  the  reacted  ketal.  Residue  In 
flask  207  g. 

1.1.3- Trlmethoxy-3-methylbutane.  To  a  mixture  of  170  g  acetone  dlmethylketal  and  0.8  ml  boron 
fluoride  etherate  at  0-7  was  added  70  g  vinyl  methyl  ether  (with  stlnlng)  In  the  course  of  2  hr  from  a  dropping 
funnel  cooled  with  dry  Ice.  The  temperature  then  rose  to  room  temperature  In  the  course  of  1.5  hr,  and  the 
reaction  mixture  was  neutralized  with  sodium  methoxlde  and  distilled.  There  was  obtained  100  g  ot  unchanged 
acetone  dlmethylketal  with  b.p.  75-85“  and  95  g  l,l,3-trlmethoxy-3-methylbutane. 

B.p.  75-7r  (25  mm),  nu*  1.4117,  d„”  0.9274,  MR  43.49;  calc.  44.07. 

Found  %c  C  59.41,  59.20;  H  11.23,  11.15.  CjHigOj.  Cdculated  % ;  C  59.23;  H  11.18. 

Yield  calculated  on  the  vinyl  ether  48%,  on  the  reacted  ketal  90%. 

1.3- Dlmethoxy-l-ethoxy-3-methylbutane.  76.8  g  vinyl  ethyl  ether  was  added  to  a  mixture  (cooled  to 
of  251.5  g  acetone  dlmethylketal  and  0.8  ml  boron  fluoride  etherate  In  the  course  of  1.5  hr.  The  reaction  mass 
was  cooled  for  a  further  0.5  hr  and  held  for  1  hr  at  room  temperature;  It  was  then  neutralized  with  sodium 
methoxlde  and  distilled  to  give  202  g  unchanged  acetone  dlmethylketal  (b.p.  75-85*)  and  87  g  1,3-dlmethoxy- 
l-ethoxy-3-methylbutane. 

B.p.  71-73*  (14  mm),  n^”  1.4131,  djo*®  0.9124,  MR  48.20;  calc.  48.68. 

Found  %  :  C  61.46,  61.16;  H  11.30;  11.40.  CgHjcOg.  Calculated  %  C  61.33;  H  11.44. 

Yield  calculated  on  the  vinyl  ether  46%,  on  the  reacted  ketal  85% 

NaH2P04  catalyst.  Monosodium  phosphate  (2  moles  of  water)  was  placed  In  a  porcelain  dish  and  fused 

over  a  bare  flame.  The  water  of  crystallization  came  off  when  the  mass  was  stirred  with  a  spatula,  and  a 

viscous  paste  was  formed.  The  hot  mass  was  pressed  through  a  2.5-mm-mesh  screen  to  give  rods  3-4  mm  long. 
The  catalyst  was  freed  from  residual  water  by  calcination  for  2-3  hr  at  350“  in  a  10-15  mm  vacuum. 

NaHgPO^-on-SiOj  catalyst.  37  g  silica  gel  was  heated  to  Incandescence  In  a  muffle  furnace  and  quickly 
poured  with  intensive  stirring  into  27  ml  of  1.26  M  NaH2P04  solution.  The  resulting  catalyst  was  dried  at  350*. 

MgHP04  “Na^SlOg  catalyst.  160  g  dlmagnesium  phosphate  (heptahydrate)  was  mixed  In  a  mortar  with  216 
ml  water  glass  (d  1.384).  After  2  to  3  hr  the  mixture  set  and  was  extruded  through  a  2.5-mrmmesh  screen. 

The  extruded  shapes  were  cut  to  a  length  of  3-4  mm  and  dried  for  2  hr  In  a  drying  cupboard  at  100“  before  being 
calcined  2  hr  at  350". 

MgHP04-on -carbon  catalyst.  75  ml  active  carbon  (AR  grade)  was  poured  into  a  mixture  of  15  g  MgHP04 
In  100  ml  boiling  water,  and  the  mixture  was  boiled  4  hr.  The  catalyst  was  filtered  off,  dried  at  150“  and  sifted 
from  the  residue  of  MgHP04. 

Design  of  a  catalytic  apparatus  for  preparation  of  vinyl  ethers  and  alkoxydienes.  Catalytic  decomposition 
of  acetals  and  alkoxyacetals  was  carried  out  in  a  furnace  60  cm  long  containing  a  tube  20  mm  In  diameter. The 
acetal  or  alkoxyacetal  was  introduced  dropwise,  from  a  Balandin  buret,  into  a  vaporizer  in  which  a  temperature 
of  150-180"  was  maintained  and  from  which  the  vapor  passed  into  the  catalytic  tube.  The  outlet  of  the  latter  was 
joined  to  a  receiver  which  could  be  cooled  if  necessary  wltli  dry  Ice  and  acetone.  The  receiver  had  to  contain 
a  small  quantity  of  anhydrous  potassium  carbonate  for  neutralization  of  traces  of  acid  catalyst  entrained  with 
the  vapor  of  the  compound.  In  this  way  the  reverse  reaction  of  addition  of  alcohols  to  vinyl  ethers  was  prevented. 

When  the  reaction  was  run  in  vacuo,  the  apparatus  was  equipped  with  two  vacuum  gauges  for  measurement 
of  die  vacuum  in  the  vaporizer  and  the  receiver.  The  vaporizer  was  provided  with  a  capillary  through  which 
dry  nitrogen  was  admitted.  A  15-40-mm  vacuum  was  created  in  the  system  by  means  of  a  water-jet  pump. 

Propenyl  ethyl  ether  (1-ethoxy-l-propene).  150  g  proplonaldehyde  dlethylacetal  was  passed  through  the 
catalytic  tube,  containing  40  g  MgHP04  •  Na2SiOj  catalyst,  at  320*  for  2.5  hr.  The  condensate  was  washed  with 
5%  potassium  carbonate  solution,  dried  with  anhydrous  potassium  carbonate  and  distilled.  Yield  98  g  (75%)  of 
propenyl  ethyl  ether  with  b.p.  67,  np*®  1.3988. 
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The  other  vinyl  ethers  listed  In  Table  1  were  similarly  prepared. 

l-Methoxy-3-methyl-l,3-butadIene  (methoxyisoprene).  29  g  0 -methylcrotonaldehyde  dimethylacetal 
was  passed  through  the  reaction  tube,  which  contained  48  g  of  MgHPO  NajSiOj  catalyst,  at  35(f  for  1  hr  in 
a  40 -mm  vacuum.  The  receiver  was  cooled  with  dry  ice  and  acetone.  The  substance  was  washed  with 
sodium  bicarbonate  solution  and  twice  with  water,  dried  with  anhydrous  potassium  carbonate  and  distilled. 

Yield  15.5  g  (71%)  of  l-methoxy-3-methyl-l,3-butadIene  with  b.p.  115-116’. 

Found  %  C  73.35,  73.45;  H  10.23,  10.34.  C^HmO.  Calculated  %  C  73.41;  H  10.27. 

In  this  experiment  2.5  g  of  unchanged  acetal  was  recovered;  b.p.  135-138*. 

l-Ethoxy-3-methyl-l,3-butadIene  (ethoxylsoprene).  600  g  l,l,3-trIethoxy-3-methylbutane  was  passed 
through  the  reaction  tube,  which  contained  55  g  of  MgHPO^  •  Na2S10s  catalyst,  for  8  hr  in  a  15-mm  vacuum  at 
350-390*  (the  last  150  g  at  390*).  The  receiver  was  cooled  with  dry  Ice  and  acetone.  The  condensate  was 
washed  3  times  with  5%  potassium  carbonate  solution  and  dried  with  anhydrous  potassium  carbonate.  Distillation 
gave  254  g  l-ethoxy-3-methyl-l, 3-butadiene  with  b.p.  75-77*  (90  mm). 

Found  %:  C  75.23,  75.25;  H  10.85,  10.71.  C7HttO.  Calculated  %:  C  75.00;  H  10.71. 

51  g  of  l,l,3-trlethoxy-3-methoxybutane  was  recovered  unchanged;  b.p.  80-85*  (10  mm). 

The  yield  of  ethoxylsoprene  was  77%  calculated  on  the  ethoxyacetal  introduced  and  85%  on  the  alkoxy- 
acetal  reacted. 


SUMMARY 

lJ^  study  was  made  of  the  synthesis  of  vinyl  ethers  by  catalytic  decomposition  of  acetals  and  ketals  over 
phosphates  (MgHP04  and  NaH2P04). 

2.  The  condensation  of  acetone  ketals  with  vinyl  ethers  in  presence  of  boron  trifluoride  etherate  was 
studied.  l,l,3-Trialkoxy-3-methylbutanes  were  obtained  in  good  yield. 

3.  Vinyl  ethers  were  synthesized  from  acetals  of  crotonaldehyde,  0  -methyl -crotonaldehyde  and  1,1,3- 
trlalkoxybutanes. 
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THE  C  YANOETHYLA  TION  OF  3  -  0  U  IN  U  C  L  IDON  E 

E.  E.  Mikhlina  and  M.  V.  Rubtsov 

S.  Ordzhonikidze  All-Union  Institute  of  Chemical  Pharmaceutical  Research 


The  reaction  of  acrylonitrile  with  ketones  of  the  aliphatic,  cyclic  and  fatty -aromatic  series  has  been 
studied  fairly  extensively.  The  study  of  the  cyanoethylation  reaction  Is  especially  interesting  because  of  the 
great  synthetic  possibilities  afforded  by  the  Introduction  of  the  cyanoethyl  group  into  the  molecules  of  ketones. 
Very  little  work  has  been  done,  however,  on  the  cyanoethylation  of  heterocyclic  ketones.  Attention  may  be 
drawn  to  the  cyanoethylation  of  alkyl-substituted  4-pIperidones  and  y-pyrones,  which  has  been  fully  described 
by  L  N.  Nazarov  and  co-workers  fl]. 

The  cyanoethylation  of  3-quinuclIdone  has  not  previously  been  studied  and  is  a  subject  of  considerable 
Interest.  It  Is  studied  In  the  present  work. 


A  mixture  of  mono-  and  dicyanoethylated  substances  Is  formed  when  3-quinuclidone  is  reacted  with  a 
large  excess  of  acrylonitrile  in  dioxane  or  tert-buiyl  alcohol  in  presence  of  a  30<7o  solution  of  potassium  hydroxide 
In  methyl  alcohol.  The  total  yield  of  cyanoethylation  products  and  the"mono/di  ratlo"depend  on  the  solvent 
used.  About  44%  of  cyanoethylated  derivatives  is  formed  In  dioxane.  In  this  case  the  main  component  of  the 
mixture  (85%)  is  dicyanoethylated  3-quInuclIdone.  Replacement  of  dioxane  by  terfbutyl  alcohol  leads  to  an  In¬ 
crease  of  the  over -all  yield  to  70%  and  the  proportion  of  monocya noethyl ated  3-quinuclldone  rises  to  about 
35%  of  the  total  yield.  It  should  be  noted  that  the  yield  of  cyanoethylated  products  does  not  exceed  10%  if  3- 
qulnuclldone  is  brought  Into  reaction  with  only  the  equimolar  quantity  of  acrylonitrile. 

For  the  purpose  of  establishment  of  the  position  of  the  cyanoethyl  group  In  monocyanoethylated  3-qulnu- 
clidone,  the  product  was  heated  with  a  mixture  of  acetic  and  hydrochloric  acids  and  thereby  converted  Into  the 
corresponding  0  -substituted  propionic  acid;  the  latter  In  turn  was  esterlfied  to  the  ester  of  propionic  acid  by 
treatment  with  an  alcoholic  solution  of  hydrogen  chloride.  The  resulting  ketoester  was  reduced  with  hydrazine 
hydrate  in  presence  of  an  alcoholic  solution  of  sodium  ethoxide  to  give  a  compound  which  was  identical  with 
the  previously  synthesized  [2]  2-(0  -carboxyethyl)-quInuclidIne. 

Monocyanoethylated  3-quInuclidone  consequently  has  the  structure  of  3-keto-2-(0  -cyanoethyl )-qulnuclIdine 
(II). 


Reduction  of  3-keto-2-(0-carbethoxyethyl)quinuclIdIne  (IV)  with  lithium  aluminum  hydride  gave  3-hydroxy- 
2-(y  -hydroxypropyl)-quinuclIdIne  (VI). 


The  steps  In  the  synthesis  may  be  represented  by  the  scheme  on  the  following  page. 


CHiCHjCOOH 

H.C  ru  C  ^CO 

I  .  ‘  II  I 


CH 

N'^  CH^ 
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H,cv^r>c. 


CH, 


Dicyanoethylated  3-quInuclIdone  may  have  the  structure  of  2,2-  or  2,4-dl- 
(0  -cyanoethyl)-3-qulnuclidone.  Saponification  of  the  ketodinitrlle  gives  a  ketodl- 
acid  which  on  heating  with  acetic  anhydride  is  not  converted  Into  the  tricyclic 
unsaturated  compound  (A)  as  would  have  happened  if  the  cyanoethyl  groups  had 
been  In  the  2  or  4  position.  Transformations  of  a  similar  type  have  been  described 
for  l-(0  -carboxyethyl)-2-cyclohexanone;  heating  with  acetic  anhydride  converts 
this  compound  into  ^®-hexahydrocoumarIn  [  3]. 
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In  the  light  of  the  foregoing  facts  we  suggest  that  dlcyanoethylated  S-quinuclidone  Is  3-keto-2,2-dl- 
(B  -cyanoethyl)-qulnuclldlne  (VII).  The  product  of  its  hydrolysis  with  a  mixture  of  acetic  and  hydrochloric  acids 
was  3-keto-2,2-dl-(fl -carboxyethyl)-quinuclidlne  (Vlll);the  latter  was  esterified  to  3-keto-2,2-dl-(0 -carbeth- 
oxyethyl)-qulnuclldlne  (IX),  reduction  of  which  with  lithium  aluminum  hydride  gave  3-hydroxy-2,2-dl-(y - 
hydroxypropyl)-quinucllne  (X),  while  treatment  with  hydrazine  hydrate  gave  the  corresponding  dihydrazide(XI). 
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Reaction  of  ester  (K)  with  hydrazine  hydrate  in  presence  of  sodium  ethoxide  at  180*  led  to  2,2-di-(6  * 
carbethoxyethyl)-quinuclldlne  (XII),  which  on  treatment  with  hydrochloric  acid  was  transformed  into  the  hydro¬ 
chloride  of  2,2-di-(B  -carboxyethyl)-quinuclidine  (XIII).  Reduction  of  3-keto-2,2-di-(S  -cyanoethyl)-qulnuclidlne 
(VII)  with  lithium  aluminum  hydride  gave  3-hydroxy-2,2-di-(6  -cyanoethyl)-quinuclidine  (XIV). 


EXPERIMENTAL 

3-QuinucIidone  (I).  24  g  of  metallic  potassium  was  put  into  100  ml  anhydrous  toluene  and  36  ml  anhydrous 
alcohol  was  stirred  in.  The  reaction  mass  was  heated  to  120-125*  (bath  temperature)  and  in  the  course  of  an 
hour  a  solution  of  60  g  l-carbethoxymethyl-4-carbethoxypiperidine  in  150  ml  toluene  was  added  at  the  same 
temperature.  After  the  diester  had  been  added,  the  mixture  was  stirred  at  the  boiling  point  of  toluene  for  5  hr. 
Addition  was  thereupon  made  of  200  ml  concentrated  hydrochloric  acid  and  the  mixture  was  stirred  30  minutes. 
The  hydrochloric  acid  layer  was  then  separated  from  the  toluene  layer  in  a  separating  funnel.  The  toluene 
layer  was  twice- extracted  with  concentrated  hydrochloric  acid  (200  ml  each  time),  and  the  hydrochloric 
acid  solutions  were  combined  and  boiled  15  br.  The  solution  was  decolorized  with  carbon  and  evaporated  on  a 
steam  bath.  To  the  residue  (cooled)  was  added  70  ml  50<7o  potassium  hydroxide;  the  alkaline  solution  extracted 
with  benzene,  the  benzene  solution  was  dried  with  potassium  carbonate,  and  the  benzene  was  taken  off  in  vacuo 
to  leave  25.6  g  (84.6%)  of  3-quinuclidone.  M.  p.  136-138*;  picrate  m.p.  210*  [4]. 

Cyanoethylation  of  3-quinuclidone.  A.  To  a  solution  of  25  g  3-qulnuclidone  in  115  ml  anhydrous  dioxane 
was  added  3.8  ml  of  30%  solution  of  potassium  hydroxide  in  methyl  alcohol,  and  the  reaction  temperature  was 
raised  to  60*.  At  this  temperature  90  ml  acrylonitrile  was  stirred  in  over  a  period  of  30  minutes,  after  which  the 
reaction  mass  was  stined  at  the  same  temperature  for  a  further  4  hr.  The  resulting  polyacrylonitrile  (a  yellowish- 
brown  amorphous  precipitate)  was  filtered  off  and  the  dioxane  was  taken  off  in  vacuo.  To  the  residue  was  added 
100  ml  benzene,  and  die  benzene  solution  was  extracted  with  50  ml  10%  hydrochloric  acid.  The  hydrochloric 
acid  solution  was  treated  with  calcined  potassium  carbonate  to  saturation  point,  and  then  exhaustively  extracted 
with  benzene.  The  benzene  solution  was  dried  with  potassium  carbonate  and  the  benzene  was  distilled  off.  The 
residue  was  sublimed  (at  20  mm,  bath  temperature  125-130*)  to  give  14.3  g  3-quinuclidone  and  the  residual 
viscous,  brown  mass  was  diluted  with  a  mixture  of  20  ml  anhydrous  alcohol  and  1  ml  anhydrous  benzene.  The 
resulting  precipitate  of  3-keto-2,2-di-(5 -cyanoethyl)-quinuclidine  was  filtered  and  thoroughly  washed  with 
alcohol.  There  was  obt  ained  4  g  of  colorless  crystals,  readily  soluble  in  chloroform,  benzene  and  hot  alcohol; 
Insoluble  In  ether  and  water.  M.p.  120-122’  (from  alcohol). 

Found  %.  C  68.00;  H  7.47;  N  18.24.  CijHnON,.  Calculated  %:  C  67.75;  H  7.36;  N  18.18. 

After  separation  of  the  3-keto-2,2-di-(a  -cyanoethyl)-quInuclIdine,  the  mother  liquor  was  twice-distilled 
In  vacuo  to  give  0.7  g  3-keto-2-(6  -cyanoethyl)-qulnuclIdIne  with  b.p.  121-122’  (0.3  mm).  The  compound  is  a 
colorless,  mobile  liquid,  readily  soluble  in  organic  solvents,  insoluble  in  water. 

Found  %:  C  67.09;  H  7.93;  N  15.72,  15.68.  CjoHiPN,.  Calculated  %  C  67.41;  H  7.86;  N  15.73. 

B.  60  ml  of  acrylonitrile  was  added  at  60-65*  to  a  solution  of  15  g  3-quinuclidone  in  75  ml  anhydrous 
tert-butyl  alcohol  containing  2. 3  ml  30%  solution  of  potassium  hydroxide  in  methyl  alcohol.  After  treatment 
similar  to  that  in  A,  3. 6  g  3-quinuclidone  was  recovered  unchanged,  and  from  the  reaction  products  were 
isolated  6.52  g  3-keto-2,2-dl-(0 -cyanoethyl)-quInuclIdine,  3.48  g  3-keto-2-(0  -cyanoethyl)-quInuclldlne  and 
5. 38  g  of  a  mixture  of  these  compounds  which  was  directly  converted  to  the  corresponding  acids.  The  latter  were 
fractionated  on  the  basis  of  their  differing  solubilities  in  hot  alcohol. 

3-Keto-2-(B  -carbethoxyethyD-quinuclidine  (IV).  3.48  g  3-keto-2-(fl -cyanoethyl)-quinuclidIne,  60  ml 
glacial  acetic  acid  and  30  ml  concentrated  hydrochloric  acid  were  boiled  20  hr.  The  solution  was  decolorized 
with  carbon  and  evaporated  on  a  water  bath.  The  resulting  cyrstalline  mass,  containing  die  hydrochloride  of 
3-keto-2-(0  -carboxyethyl)-qulnuclidine  and  ammonium  chloride,  was  heated  at  the  boll  with  40  ml  9%  alco¬ 
holic  solution  of  hydrogen  chloride  f(v  3  hr.  The  alcohol  was  taken  off  in  vacuo  and  the  residue  again  heated 
alcoholic  hydrogen  chloride.  After  the  alcohol  had  been  removed,  the  reaction  mass  was  treated  with  50% 
potassium  carbonate  solution  and  extracted  with  ether.  The  ethereal  solution  was  dried  with  potassium  carbonate, 
the  ether  was  driven  off,  and  the  compound  was  distilled  in  vacuo.  There  was  obtained  2.6  g  (60.6%)  of  3-keto- 
2-(fl -carbethoxyethyl)-qulnuclidlne  In  the  form  of  a  colorless,  mobile  liquid,  soluble  in  (Xganic  solvents  and 
insoluble  in  water.  B.p.  136-138*  (0.4  mm). 
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Found  C  63.58;  H  8.54;  N  6.46,  6.10.  Calculated  ^o\  C  64.00;  H  8.45;  N  6.22. 

Hydrochloride  of  3-ketO“2-(8  -carboxyethyl)quinuclidine  (III).  1  g  3-keto-2-(fl  -carbethoxyethyl)-quinu- 
clidine  and  10  ml  17%  hydrochloric  acid  were  boiled  4  hr.  The  solution  was  decolorized  with  carbon  and  the 
hydrochloric  acid  was  taken  off  in  vacuo.  The  residue  was  triturated  with  anhydrous  alcohol  and  the  crystals 
were  filtered  off.  There  was  obtained  1  g  (96. 5%)  hydrochloride  in  the  form  of  a  white  crystalline  powder, 
readily  soluble  in  water  and  hot  alcohol.  M.p.  191-193^  (with  decomp.)  (from  alcohol). 

Found  %:  C  48.22;  H  7.32;  N  5.77;  Cl  14.09.  C^HuPaNCl  •  HjO.  Calculated  %:  C  47.72;  H  7.16; 

N  5.57;  Cl  14.11. 

Hydrochloride  of  2-(fl  -carboxyethyl)-quInuclIdIne  (V).  To  a  solution  of  sodium  ethoxide  in  ethyl  alcohol, 
prepared  from  0.4  g  metallic  sodium  and  9  ml  anhydrous  alcohol,  were  added  0.3  g  3-keto-2-(0  -carbethoxy- 
ethyl)-quinuclldine  and  1.8  ml  hydrazine  hydrate.  The  mixture  was  heated  in  a  sealed  tube  at  170-180'  for 
14  hr.  The  alcohol  was  then  distilled  off  in  vacuo,  the  solid  residue  was  dissolved  in  10  ml  water,  and  the 
aqueous  solution  was  boiled  4  hr.  The  reaction  mass  was  acidified  with  concentrated  hydrochloric  acid  until  it 
had  an  acid  reaction  to  Congo,  and  the  solution  was  then  evaporated  to  dryness  on  a  steam  bath.  The  solid  re¬ 
sidue  contained  a  considerable  amount  of  inorganic  salts  in  addition  to  the  hydrochloride  of  2-(0-carboxyethyl)- 
qulnuclldine.  The  dry  residue  was  therefore  heated  with  10  ml  10%  alcoholic  hydrogen  chloride  for  3  hr.  The 
alcohol  was  taken  off  in  vacuo  and  the  residue  was  treated  with  50%  potassium  carbonate  solution  and  extracted 
with  ether.  The  ethereal  solution  was  dried  with  potassium  carbonate,  the  ether  was  distilled  off,  and  the  residue 
was  distilled  in  vacuo  to  give  0.17  g  2-(3  -carbethoxyethyl)-quinuclidine  in  the  form  of  a  colorless,  mobile 
liquid,  readily  soluble  in  organic  solvents,  poorly  soluble  in  water.  B.  p.  90-92°  (0.2  mm). 

The  compound  was  boiled  4  hr  with  4  ml  17%  hydrochloric  acid.  The  hydrochloric  acid  solution  was 
decolorized  with  carbon  and  evaporated  in  vacuo,  and  the  residue  was  crystallized  from  anhydrous  alcohol. 

0.06  g  hydrochloride  of  2-(6  -carboxyethyl)-quinuclldine  was  obtained  in  the  form  of  a  white,  crystalline  powder, 
easily  soluble  in  water,  poorly  soluble  in  alcohol,  insoluble  in  ether,  benzene  and  acetone.  M.p.  216.5-217.5° 
(decomp. )  [2].  No  depression  of  melting  point  in  admixture  with  the  acid  prepared  from  2-formylquinuclIdine. 

Found  %c  C  54.73,  54.60;  H  8.28,  8.28;  N  6.69,  6.40;  Cl  15.94,  16.00.  CipHigOzNCl.  Calculated  %: 

C  54.67;  H  8.20;  N  6.38;  Cl  16.17. 

3-Hydroxy-2-(y  -hydroxypropyl)-quinuclidine  (VI).  A  solution  of  0.75  g  3-keto-2-(  0  -carbethoxyethyl)- 
qulnuclldine  in  15  ml  anhydrous  ether  was  stirred  into  a  suspension  of  0.5  g  lithium  aluminum  hydride  in  20  ml 
anhydrous  ether.  The  mixture  was  heated  3  hr  at  the  boiling  point  of  ether.  Addition  was  then  made  (with 
cooling)  of  1.5  ml  water,  and  the  inorganic  salts  were  filtered  and  well  washed  with  chloroform.  The  ether- 
chloroform  extract  was  evaporated  in  vacuo  and  the  residue  distilled.  B.p.  163-165°  (0.4  mm).  A  colorless 
liquid,  readily  soluble  in  water  and  organic  solvents.  Yield  0.35  g  (56.7%).  The  hydrochloride  melts  at 
132-133r.  Colorless  crystals,  readily  soluble  in  water  and  alcohol,  insoluble  in  ether,  acetone,  benzene  and 
chloroform. 

Found  %:  C  54.16;  H  8.87;  N  6.23;  Cl  16.04.  CioHzqOzNCI.  Calculated  %:  C  54.19;  H  9.03;  N  6.33;  Cl 

16.03  . 

Hydrochloride  of  3-keto-2,2-di-(0  -carboxyethyl)-quinuclidine  (VIII).  4.35  g  3-keto-2,2-dI-(0 -cyanoethyl)- 
qulnuclldine,  80  ml  glacial  acetic  acid  and  40  ml  concentrated  hydrochloric  acid  were  heated  at  the  boil  for 
17  hr.  The  acid  solution  was  decolorized  with  carbon  and  evaporated  to  dryness  on  a  steam  bath.  The  solid 
residue,  containing  the  hydrochloride  of  3-keto-2,2-dI-(0  -carboxyethyl)-quInuclidine  and  ammonium  chloride, 
was  recrystallized  from  220  ml  90  %  alcohol.  There  was  obtained  5. 3  g  (92%  of  the  hydrochloride  of  the 
diacid  as  colorless  crystals,  sparingly  soluble  in  alcohol.  Insoluble  in  ether,  benzene,  acetone  and  chloroform, 
soluble  in  water,  M.p.  245°  (decomp.). 

Found  %  C  50.65,  50,77;  H  6.59,  6.54;  N  4.38;  Cl  11.61,  11.52.  C13H20O5NCI.  Calculated  %;  C  51.06; 

H  6.55;  N  4.58;  Cl  11.62. 

3-Keto-2,2-di-(  0  -carbethoxyethyl)-quinuclidine  (IX).  6.5  g  of  the  hydrochloride  of  3-keto-2,2-dI-(0 - 
carboxyethyl)-quinuclidine  and  70  ml  9%  alcoholic  hydrogen  chloride  were  boiled  4  hr.  The  hydrochloride  of 
the  dIester  came  down  on  cooling  and  was  filtered  off,  dried  in  the  air,  treated  with  50%  potassium  carbonate 
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until  alkaline  to  phenolphthaleln,  and  extracted  with  chloroform.  The  chloroform  solution  was  dried  with 
potassium  carbonate,  the  chloroform  was  taken  off  in  vacuo,  and  the  residual  crystalline  mass  was  distilled  to 
give  4.4  g  (63.6%)  of  diester  in  the  form  of  colorless  crystals,  easily  soluble  in  alcohol,  ether,  chloroform  and 
benzene,  soluble  in  hot  ligrola  Insoluble  in  water.  B.p.  190*  (1  mm),  m.p.  58-6T. 

Found  %;  C  63.05,  62.93;  H  8.15,  8.20;  N  4.19.  Calculated  %  C  62.78;  H  8.31;  N  4.32. 

The  hydrochloride  forms  colorless  crystals,  readily  soluble  in  water,  soluble  in  hot  alcohol,  insoluble  in 
ether  and  benzene.  M.p.  169-17T  (from  alcohol). 

Found  %  C  56.15;  H  7.70;  N  3.80;  Cl  9.82.  CnHzgOsNCl.  Calculated  %  C  56.43;  H  7.75;  N  3.87;  Cl  9.82. 

3"Hydroxy-2,2-di-(  y -hydroxypropyl)-quinuclidine  (X).  To  a  suspension  of  1  g  lithium  aluminum  hydride 
in  20  ml  anhydrous  ether  was  added  a  solution  of  1.57  g  3-keto-2,2-dl-(B  -carbethoxyethyl)-quinuclidine  in  30 
ml  ether.  The  reaction  mass  was  heated  3  hr  at  the  boil  and  treated  in  the  cold  with  2  ml  water  ;  the  precipitate 
was  filtered  and  washed  with  chloroform.  The  filtrate  was  evaporated  in  vacuo.  The  solid  residue  was  triturated 
with  ether  and  the  precipitate  was  filtered.  Yield  1. 17  g  (85%)  of  hygroscopic,  colorless  crystals,  readily  soluble 
in  water,  alcohol,  acetone  and  chloroform,  Insoluble  in  ether . 

The  hydrochloride  forms  a  white,  crystalline  powder,  soluble  in  water,  sparingly  soluble  in  alcohol,  in¬ 
soluble  in  ether  and  acetone,  M.  p.  221-223*  (from  alcohol 

Found  %  C  55.77;  H  9.21;  N  4.97;  Cl  12.46.Ci3H2^3NCl.  Calculated  %;  C  55.81;  H  9.30;  N  5.02;  Cl 

12. 72. 


Dihydrazide  of  3-keto-2,2-di-(carboxyethyl)-qulnuclidine  (XI).  A  solution  of  0.35  g  3-keto-2,2-dl-(fl - 
carbethoxyethyl)-quinuclidine  and  0.6  ml  hydrazine  hydrate  in  2  ml  anhydrous  alcohol  was  kept  at  room  tem¬ 
perature  for  8  days.  The  alcohol  was  then  taken  off  in  vacuo,  the  residue  was  triturated  with  anhydrous  ether, and 
the  crystals  were  filtered  off.  Yield  0. 2  g  colorless,  hygroscopic  crystals.  These  were  converted  to  the  picrate 
and  the  lattej  was  purified  by  dissolution  in  acetone  and  reprecipitation  with  ether.  M.  p.  168*  (decomp.). 

Found  %;  C  39.93;  H  4.00;  N  19.70.  C13H23O3N5  •  2C6H3O2NJ.  Calculated  %  C  39.76;  H  3.84;  N  20.33, 

2,2-Di-(0 -carbethoxyethyl)-quinuclidine  (XII).  A  solution  of  sodium  ethoxide  in  alcohol,  prepared  from 
2  g  sodium  and  50  ml  anhydrous  alcohol,  2  g  3-keto-2,2-di-(B  -carbethoxyethyl)-quinuclidine  and  12  ml  hydra¬ 
zine  hydrate  were  heated  in  a  sealed  tube  at  160-170"  for  14  hr.  After  working  up  as  described  for  the  prepara¬ 
tion  of  2-(0  -carbethoxyethyl)-qufnuclIdine,  0.9  g  2,2-di-(0  -carbethoxyethyl)-quInuclidIne  was  Isolated  as  a 
colorless,  viscous  liquid,  readily  soluble  in  organic  solvents.  Insoluble  In  water.  B.p.  175-180"  (0.2  mm). 

Found  %  C  65.07;  H  9.33;  N  4.75.  C„H2904N.  Calculated  %:  C  65.52;  H  9.26;  N  4.50. 

Hydrochloride  of  2,2-di-( 0-carboxyethyl)-quinuclidine  (XIII).0.3  g  3-keto-2,2-di-  (  0  -carbethoxyethyl)- 
quinuclidine  and  5  ml  17%  hydrochloric  acid  were  boiled  4  hr.  The  hydrochloric  acid  solution  was  decolorized 
with  carbon  and  evaporated  In  vacuo.  The  residue  was  triturated  with  anhydrous  acetone.  The  crystals  were 
filtered  and  recrystallized  twice  from  a  mixture  of  acetone  and  a  few  drops  of  anhydrous  alcohol.  Yield  0. 1  g 
colorless  crystals,  easily  soluble  in  water  and  alcohol ,  Insoluble  In  ether,  benzene  and  acetone.  M.p.  215-21? 
(decomp. ). 

Found  %  C  53.47;  H  7.44;  N  5.07;  Cl  11.96.  C13H22O4NCI.  Calculated  %:  C  53.55;  H  7.54;  N  4.81; 

Cl  12.18. 

3-Hydroxy-2.2-di-(0  -cyanoethyl)-quinuclidlne  (XIV).  To  a  suspension  of  1. 2  g  lithium  aluminum  hydride 
in  20  ml  anhydrous  ether  was  added,  with  stirring,  a  solution  of  1  g  3-keto-2,2-di(0  -cyanoethyl)-qulnuclIdlne  In 
45  ml  anhydrous  benzene.  The  reaction  mass  was  heated  at  65-70*  for  40  hr.  This  was  followed  by  addition  (with 
cooling  )  of  3  ml  water.  The  inorganic  salts  were  collected  and  washed  many  times  with  dry  pyridine.  The  pyri¬ 
dine  solution  was  evaporated  in  vacuo  and  the  dry  residue  recrystallized  from  anhydrous  alcohol. '  Yield  0. 6  g 
(59.6%)  of  colorless  crystals,  readily  soluble  in  pyridine,  chloroform  and  alcohol.  Insoluble  in  ether,  benzene,  and 
water. 

Found*  %  C  67.44;  H  8.32;  N  18.02.  C13H19ON3.  Calculated  %;  C  67.00;  H  8.15;  N  18.00. 
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SUMMARY 


Reaction  of  3-qulnuclidone  with  acrylonitrile  gave  a  mixture  of  3-keto-2-(S  -cyanoethyl)-quinuclidine 
and  3-keto-2,2-di-(6  -cyanoethyl)-quinuclldine.  Several  derivatives  of  these  products  were  prepared. 

LITERATURE  CITED 

[1]  I.  N.  Nazarov,  G.  A.  Shveldigeimer  and  V.  A.  Rudenko,  J.  Gen.  Chem.,  24,  319  (1954).  • 

[2]  M.  V  Rubtsov,  L.  N.  Yakhontov  and  E.  S.  Nikitskaya  •  J.  Gen.  Chem.,  25,  2311  (1955).* 

[3] ,N.  P.  Shusherlna,  R,  Ya.  Levina  and  V.  I.  Zdanovich,  J.  Gen.  Chem.,  26,  2847  (1956).* 

[4]  G.  R.  Clemo,  T.  Metcalfe,  J.  Chem.  Soc. ,  1989,  1937;  L.  H.  Sternbach,  S.  Reiser,  J.  Am.  Chem.Soc,, 
74,  2215  (1952). 


Received  November  30,  1957. 


I 


•Original  Russian  pagination.  See  C.  B.  translation. 


128 


BICYCLIC  SYSTEMS  ON  THE  BASIS  OF  2.6-LUTIDINE 
II.  SYNTHESIS  OF  3.9-OXAZABlCYCLO-  [3, 3.1] -NONANE  AND  ITS  DERIVATIVES 
E.  S.  Nikltskaya,  V.  S.  Usovskaya  and  M.  V.  Rubtsov. 

S.  Ordzhonikidze  All-Union  Chemical  and  Pharmaceutical  Scientific  Research  Institute. 

In  continuation  of  our  work  on  the  synthesis  of  bicyclic  systems  starting  from  2.6-lutidiite,  we  have  ob¬ 
tained  a  new  compound,  3,9-oxazabicyclo-[3,3.1]-nonane. 


CH, 


CH 


CH  CH, 
5NH  3  0 

A.  y 


CHj  CH  CH^ 


The  starting  substance  for  the  synthesis  of  this  bicyclic  system  was  the  diethyl  ester  of  dipipecolinic  acid, 
obtained  from  2,6-lutfdfne  [1]. 

Reduction  of  the  latter  ester  with  lithium  aluminum  hydride  in  ethereal  solution  gave  2,0-dlhydroxymethyl- 
piperidine  (I), 

The  latter  Is  readily  methylated  by  a  mixture  of  formic  acid  and  formaldehyde  to  give  1 -methyl -2,6 -dl- 
hydroxymethylplperldine  (II).  The  latter  can  also  be  prqjared  by  reduction  with  lithium  aluminum  hydride  of 
the  previously  synthesized  diethyl  ester  of  N-methyldipipecolInlc  acid  [1].  Treatment  with  thlonyl  chloride  in 
chloroform  of  the  hydrochlorides  of  (I)  and  (II)  gave  2,6-dIchloromethylpIperldIne  (III)  and  l-m€thyl-2,6-dI- 
chloromethylplperidine  (IVXrespectIvely.  Digestion  of  2,6-dihydroxymethylpIperldIne  with  sulfuric  acid  for 
20  hr  led  to  formation  of  3,9-oxazabIcyclo-  [3,3,l]-nonane  (V).  Attempts  to  prepare  this  competmd  by  Interac¬ 
tion'  of  2,6-dlchloromethylpIperldIne  with  zinc  oxide  in  an  aqueous  medium  in  a  tube  at  ISOT  did  not  have  the 
desired  results.  Pure  substances  could  not  be  isolated  from  the  resinous  product. 

3,9-Oxazablcyclo-[3,3,l]-nonane  Is  an  extraordinarily  volatile  crystalline  substance;  It  readily  forms  salts 
at  the  nitrogen  on  reaction  with  acid  chlorides,  but  does  not  enter  into  the  Mannich  reaction. 
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Some  N -substituted  derivatives  of  this  compound  were  prepared.  Methylatlon  of  3,9-oxazabIcyclo-  [3,3,1]- 
nonane  with  a  mixture  of  formic  acid  and  formaldehyde  gave  9“methyl-3,9-oxazablcyclo-  [3, 3,1] -nonane 
(VI).  Sulfonatlon  with  pyridine  sulfotrioxlde  In  an  aqueous  medium  gave  the  N -sulfonic  acid,  which  was  Isolated 
as  the  potassium  salt  (VII).  Sulfonatlon  generally  did  not  take  place  on  heating  with  pyridine  sulfotrioxlde  In  a 
chloroform  medium  In  tubes.  Reaction  of  3.9-oxazablcyclo-  [3, 3,1] -nonane  with  fl  -chloroproplonyl -chloride  In 
an  aqueous  alkaline  medium  followed  by  boiling  of  the  amide  of  B  -chloropropl onlc  acid  with  piperidine  and 
dlethylamlne  In  anhydrous  alcohol  gave  9-[  8-(N-pIperIdino)-proplonyl  j  -  3,9-oxazabIcyclo- [3,3,l]-nonane 
(VIII)  and  9-(fl -dIethylamInopropIonyl)-3,9-oxazabIcyclo-  [3, 3,1] -nonane  (IX).  The  Intermediate  fl  -chloro- 
proplonamlde  was  not  Isolated  In  the  pure  form  and  was  not  analyzed  since  it  Is  reported  In  the  literature  that 
amides  of  0  -chloroproplonic  acid,  like  the  acid  Itself,  easily  split  off  hydrogen  chloride  during  distillation  to 
form  an  unsaturated  compound  [2].  Reduction  of  the  prepared  amides  with  lithium  aluminum  hydride  in  ethereal 
solution  gave  9-[y-N-plperidIno)-propyll-3,9-oxazablcyclo-[3,3,l]-nonane  (X)  and  9-(y-dIethylamlnopropyl)- 
3,9-oxazabicyclo-  [3, 3,1] -nonane  (XI).  Reaction  of  excess  of  3,9-oxazabIcyclo-  [3, 3,1] -nonane  with  glutaryl 
chloride  and  adlpyl  chloride  In  benzene  solution  In  the  cold  gave  the  corresponding  dlamldes  (XII)  and  (XIII). 

The  latter  were  converted  to  the  ditertlary  salts  (XIV)  and  (XV)  by  reduction  with  lithium  aluminum  hydride 
followed  by  reaction  of  the  resulting  amines  with  methyl  Iodide. 

An  experimental  study  of  the  prepared  compounds,  carried  out  by  P.  M.  Dozortseva,  showed  that  compounds 
(V)  and  (VI)  exercise  a  nicotlne-lIke  action,  and  in  larger  doses  show  a  certain  curare-llke  activity.  Compounds 
(VIII-XI)  are  less  active;  In  large  doses  they  exert  a  cytlsinolytic  action. 


EXPERIMENTAL 

2,6-Dlhydroxymethylpiperidine  (I).  A  solution  of  15  g  diethyl  ester  of  dlplpecollnlc  acid  was  added  gra¬ 
dually  (dropwlse)  to  a  suspension  of  7.5  g  lithium  aluminum  hydride  In  150  ml  anhydrous  ether.  At  the  close  of 
this  operation,  the  reaction  mass  was  heated  for  3  hr  at  the  boll,  then  cooled  to  0-5° ;  at  this  temperature  15  ml 
water  was  added.  The  resulting  precipitate  was  filtered  and  extracted  with  boiling  pyridine.  The  pyridine  ex¬ 
tracts  were  combined,  and  the  pyridine  was  taken  off  In  vacuo  to  leave  white  or  faint-yellow  crystals  which 
were  distilled;  b.p.  160°  (0.2  mm).  White  crystals  with  m.p.  127-129*,  soluble  in  alcohol,  chloroform  and 
benzene,  sparingly  soluble  In  ether.  Yield  7.2  g  (76‘7o). 

Found  <7flc  C  57.60;  H  10.32;  N  9.54.  C7HJ5O2N.  Calculated  C  57.93;  H  10.34;  N  9.65. 

l-Methyl-2,6-dIhydroxymethylpiperIdlne  (II).  a)  A  mixture  of  8  g  2,6-dIhydroxymethylpIperldlne,  5.4  g 
33. 5*^^  formalin,  7. 6  g  formic  acid  and  6  ml  water  was  heated  15  hr  on  a  boiling  water  bath.  When  the  reaction 
was  completed,  the  cooled  mass  was  treated  with  excess  of  50%  potassium  carbonate  solution  and  extracted  with 
chloroform.  Yield  7.39  g  {81.1%)  of  a  colorless,  treacly  mass  with  b.p.  131-133*  (0.5  mm). 

Found  %  C  59.94;  H  10.66;  N  8.32.  CgHiTOjN.  Calculated  %  C  60.32;  H  10.69;  N  8.80. 

b)  A  solution  of  6.5  g  N-methyldlplpecolInlc  acid  ester  was  added  dropwlse  to  a  suspension  of  3.1  g 
lithium  aluminum  hydride  in  62  ml  anhydrous  ether.  The  procedure  was  the  same  as  described  above.  The  pre¬ 
cipitate  was  extracted  with  chloroform.  Yield  3  g  {10%)  of  a  colorless, sticky  mass  with  b.p.  131-133*  (0.5  mm). 
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Found  <7oc  N  8.34,  8.56.  CgHiiOgN  Calculated  <7(t  N  8.80. 

Metholodide:  colorless,  lustrous  plates  with  m.p.  238-240*  (from  alcohol). 

Found  <7(1  N  4.62;  I  42.19.  C^ljoOjNI.  Calculated  <7(t  N  4.65;  I  42.19. 

2,6-DlchloromethylpIperldlne  (III).  3  g  2,6-dlhydroxymethylplperidlne  was  dissolved  In  anhydrous  ethyl 
alcohol  and  an  alcoholic  solution  of  hydrogen  chloride  was  run  In  until  the  mass  was  acid  to  Congo.  The  resulting 
solution  was  evaporated  to  dryness  In  vacuo.  20  ml  of  anhydrous  chloroform  was  run  Into  the  residue  and  then 
20  ml  thionyl  chloride  was  added.  The  reaction  mass  was  refluxed  at  60-70*  (bath  temperature)  for  an  hour. 
2,6-DlchloromethylplperIdlne  hydrochloride  came  down  and  was  filtered  off  and  washed  with  ether.  Yield  3.38  g 
(75%)  In  the  form  of  white  needles,  m.p.  258-259*  (decomp.). 

Found  %  N  6.40;  Cl  48.91.  CtHi^NCI,.  Calculated  <7<i  N  6.40;  Cl  48.74. 

3  g  2,6-dlchloromethylpIperIdIne  hydrochloride  was  dissolved  In  5  ml  water  and  excess  of  50<7o  potassium 
carbonate  solution  (20  ml)  was  added.  An  oil  separated  and  was  extracted  with  ether.  The  ether  solution  was 
dried  with  calcined  potassium  carbonate,  the  ether  was  driven  off  and  the  residue  was  distilled  In  vacuo  to 
give  1.9  g  (76.6%)  of  substance  with  b.p.  75-7T  (0.5  mm). 

Found  %  N  7.92;  Cl  38.85.  C7H13NCI2  Calculated  (TtN  7.68;  Cl  39  01. 

l-Methyl-2,6-dIchloromethylpIperIdIne  (IV).  1. 9  g  l-methyl-2,6-dIhydroxymethylplperldIne  was  dissolved 
In  anhydrous  ethyl  alcohol  and  acidified  with  alcoholic  hydrogen  chloride  until  acid  to  Congo  The  solution  was 
evaporated  In  a  vacuum  and  to  the  ueacly  residue  was  added  20  ml  anhydrous  chloroform,  followed  gradually 
(with  cooling)  by  20  ml  thionyl  chloride.  The  reaction  mass  was  heated  one  hr  on  a  water  bath  at  60-70*,  after 
wlilcfh  tfie  excess  of  thionyl  chloride  and  the  chloroform  were  taken  off  In  vacuo.  The  residual  mass  was  stirred 
with  a  small  quantity  of  anhydrous  ether  and  the  resulting  crystals  were  filtered  off  and  twice-reprecipitated  from 
anhydrous  alcohol  with  anhydrous  ether.  Yield  2  g  (72.2%)  of  compound  with  m.p.  132-134*. 

Found  <7t  C  41. 24;  116.73;  N  6  28;  Cl  45. 98.  CgHigNClj.  Calculated C  41.29;  H  6.88;  N  6.02; 

Cl  45.80. 

3  g  l-methyl-2,6-dIchloromethylplperIdlne  hydrochloride  was  treated  with  excess  of  50<7o  potassium 
carbonate  solution  and  extracted  with  ether;  the  ethereal  extract  was  dried  and  the  ether  driven  off.  Yield  2.34 
g  (92.8%)  readily  mobile,  colorless  liquid  with  b.p.  90*  (0.2  mm). 

Found  <7(t  C  49.00;  H  7.59;  N  7.08;  Cl  36  61.  CgHyNClj.  Calculated  <7(«  C  48.98;  H  7.65;  N  7.14; 

Cl  36.22. 

3,9-Oxazablcyclo- r3,3,l]-nonane  (V).  A  mixture  of  5  g  2,6-dIhydroxymethylplperIdlne,  15  ml  concen¬ 
trated  sulfuric  acid  and  6  ml  water  was  refluxed  In  a  flask  for  20  hr.  At  the  end  of  the  reaction,  the  mass  was 
cool.'d,  diluted  with  twice  the  quantity  of  water,  treated  with  carbon,  and  filtered.  The  colorless,  transparent 
solution  was  cooled  to  0-5*  and  25<7o  sodium  hydroxide  solution  was  added  until  the  liquid  was  neutral  to  Congo. 
The  precipitated  sodium  sulfate  was  filtered  off;  the  filtrate  was  made  strongly  alkaline  with  50%  potassium 
carbonate  solution  (test  with  phenolphthaleln)  and  extracted  with  ether.  The  ether  was  dried  and  driven  off.  The 
residue  was  distilled  In  vacuo.  B.p.  100-102*  (35  mm).  Yield  2. 11  g  (48. 3*70).  White  crystals  with  m.p.  113-llff, 
subliming  on  standing  In  the  air. 

Found  %  C  65.94;  H  10.27.  C^HigON.  Calculated  %  C  66.14;  H  10.23. 

Hydrochloride:  white  crystals  with  m.p.  276.  5-278.5*  (from  alcohol). 

Found  %  N  8.62;  Cl  21.45.  C7H1PNCI.  Calculated  %  N  8.56;  Cl  21.71. 

Plcr^ite:  vivid-yellow  crystals  with  m.p.  191-193*. 

Found  %  C  43.89;  H  4.50;  Ci3Hi^8N4  Calculated  %  C  43.82;  H  4.49. 

9-Methyl-3,9-oxazabIcyclo-  [3, 3.1] -nonane  (VI).  1.06  g  3,9-oxaza-(3,3,l]-nonane,  0.8  g  33. 5<7)  formalin, 
15  g  formic  acid  and  0.7  ml  water  were  heated  on  a  boling  water  bath  for  15  hr.  At  the  end  of  the  reaction  the 
mass  was  treated  with  excess  of  50%  potassium  carbonate  solution  and  extracted  with  ether.  The  ethereal  extract 
was  dried,  the  ether  was  driven  off,  and  the  residue  was  sublimed  at  normal  pressure.  Yield  0.9  g  (76. 9<7>). White 
crystals  with  m.p.  54-55*. 
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Found ‘7«  C  67.83;  H  10.68.  CgHigON.  Calculated  <70:  C  68.08;  H  10. 63. 

Hydrochloride:  white  crystals  with  m.p.  261-267  (decomp.  )f  rom  anhydrous  alcohol). 

Found  N  8.08;  Cl  19.88.  C,Hi^NCl.  Calculated  %:  N  7.88;  Cl  20.00. 

Potassium  salt  of  3,9-oxazablcyclo-f  3,3,l]-nonane-9-sulfonlc  acid  (VII).  1.59  g  3,9-oxazablcyclo-[3,3,l]- 
nonane  was  dissolved  In  6  ml  water;  Ice  was  added,  followed  by  2  g  pyridine  sulfotrloxide,  and  the  reaction 
mass  was  shaken  15  min.  Addition  was  then  made  of  3.5  g  potassium  carbonate  and  the  mass  was  shaken  for  a 
further  30  min.  with  Ice  cooling.  Undissolved  potassium  carbonate  was  brought  into  solution  by  addition  of 
water,  and  the  resulting  solution  was  filtered  and  evaporated  In  a  dish.  The  dry  residue  was  extracted  with  an¬ 
hydrous  alcohol.  The  alcoholic  solution  was  evaporated  to  give  2.04  g  (62%)  of  potassium  salt  which  was  re- 
crystallized  from  alcohol.  Heating  of  the  potassium  salt  In  presence  of  barium  chloride  and  hydrochloric  acid 
led  to  deposition  of  barium  sulfate. 

Found  %  N  5.45;  12.32;  HjO  6  44.  CyHaO^NSK  •  HjO.  Calculated  %t  N  5.32;  S  12.16;  HjO  6.84. 

9-10- (N-PIperldlno)-propIonyl  ]-3,9-oxazabicyclo-f  3,3,l]-nonane  (VllI)  2  g  3.9-oxazablcyclo-[3,3,l]- 
nonane~was  dissolved  in  10  ml  water  and  the  solution  was  cooled;  simultaneous  addition  was  then 
made  dropwlse  (with  stirring)  of  2.2  g  0 -rhloroproplonyl  chloride  and  a  solution  of  0. 67  g  sodium 
hydroxide  In  1.5  ml  water,  the  temperature  of  the  reaction  mass  being  kept  not  higher  than  S’. 

At  the  end  of  this  operation,  stirring  was  continued  at  the  same  temperature  for  another  30  min.,  after  which  the 
cooling  was  stopped  and  stirring  was  carried  out  until  the  temperature  of  the  mass  rose  to  l^*.  The  mass  was 
made  alkaline  with  excess  of  50%  potassium  carbonate  solution  and  extracted  with  ether;  the  extract  was  dried 
and  the  ether  driven  off  to  leave  2.45  g  (71.6%)  of  technical  9-(0  -chloroproplonyl)-3,9-oxazabIcyclo-[ 3, 3,11- 
nonane  in  the  form  of  a  light-yellow  oil.  This  was  dissolved  In  20  ml  anhydrous  ethyl  alcohol,  1.91  g  piperidine 
was  run.  In,  and  the  mass  was  boiled  5  hr.  The  alcohol  was  then  distilled  off,  the  residue  was  treated  with  excess 
of  50%  potassium  carbonate  solution,  and  the  resulting  precipitate  was  extracted  with  chloroform.  The  solution 
was  dried  and  the  chloroform  was  distilled  off  to  leave  2.27  g  (75.9%)  of  9-(0  -(N-plperidlno)-propIonyl]-3,9- 
oxazablcyclo-  [3, 3,1] -nonane.  M.p.  83-85’. 

Hydrochloride;  white  crystals  with  m.p.  241-243’  (from  alcohol). 

Found  %  N  9.31;  Cl  11.81.  CisHjtOjNjCI.  Calculated  %  N  9.25;  Cl  11. 73. 

9-10  -DiethylaminopropIonyll3,9-oxazabicyclo-f  3,3,l]-nonane  (IX).  2.35  g  dlethylamlne  and  20  ml 
anhydrous  alcohol  were  heated  5  hr  at  the  boil.  Further  procedure  was  as  described  above.  There  was  obtained 
1.7  g  (8.3. 7yo)  of  compound  with  b.p.  135-137"  (0.35  mm). 

Hydrochloride:  white  crystals  with  m.p.  179-180’  (repreclpltated  from  alcohol  with  ether). 

Found  %  C  57.90;  H  9.13;  N  9.61;  Cl  12.34.  C^Hj-^zHgCl.  Calculated  %  C  57.83;  H  9.29;  N  9.63; 

Cl  12.22. 

9-[y-(N-Piperldlno)-propyl]-3,9- oxazablcyclo  -f  3, 3,1] -nonane  (X).  2.25  g  9-[0 -(N-plperldlno)-pro- 
pIonyl]-3,9-oxazabicyclo-[3,3,l]-nonane  was  reduced  with  0.64  g  lithium  aluminum  hydride  in  ethereal  solu¬ 
tion.  Yield  1. 2  g  (56.3%)  compound  with  b.p.  124-126’  (0.2  mm). 

Dihydrochloride;  white,  hygroscopic  crystals  with  m  p.  240-247  (decomp  )  (repreclpltated  from  alcohol 
with  ether). 

Found  %c  N  8.68,  8.63;  Cl  21.45.  C15H30ON2CI2.  Calculated  %  N  8.61;  Cl  21.84. 

9-  (y  -DIethyla minopropyl )-3, 9 -oxazablcyclo -[ 3, 3, 1] -nonane  (XI).  2.73  g  9-(0  -dlethylamlnoproplonyl)- 
3,9-oxazabIcyclo-[3,3,l]-nonane  was  reduced  with  0.79  g  lithium  aluminum  hydride  In  ethereal  solution. 

Yield  1.4  g  (54.9%)  of  compound  with  b.p.  100-107  (0.2  mm). 

Dihydrochlorlde:  white  crystals  with  m.p.  257  (from  alcohol). 

Found  %t  N  9.06;  Cl  22.30.  Ci4H3oONjCl2.  Calculated  %  N  8.94;  Cl  22. 68. 

Glutaroyl-bIs-[N-(3,9-oxazabicyclo-(3,3,l)-nonane)]  (XII).  Into  a  solution  of  1.85  g  3,9-oxazablcyclo- 
[3, 3,1] -nonane  in  3  ml  water  at  0*  were  simultaneously  Introduced  1.35  g  glutaryl  chloride  and  2.32  g  25% 
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sodium  hydroxide  solution.  After  this  operation  was  completed,  the  reaction  mass  was  stirred  30  min  at  0*,then 
treated  with  excess  of  50%  potassium  carbonate  solution  and  extracted  with  chloroform.  The  chloroform  extract 
was  dried,  the  chloroform  was  distilled  off,  and  the  residue  was  distilled  In  vacuo  to  give  1. 8  g  (70.7%)  of  com¬ 
pound  with  b.p.  237-239^  (0.25  mm).  The  compound  crystallizes  on  cooling.  M.p.  114-11^.  Soluble  in  chloro¬ 
form  and  alcohol.  Insoluble  In  water. 

Found  %t  C  65.37;  H  8.52;  N  8.16.  C^HjoO^N,.  Calculated  %  C  65.14;  H  8.57;  N  8.00. 

1.5- Bls-[N-(3,9-oxazablcyclo-(3,3,l)-nonano)]-pentane  (XIV).  5  g  glutaroyl-bls-[N-(3,9-oxazablcyclo- 

[3. 3.1]  -nonane]  was  reduced  with  1.65  g  lithium  aluminum  hydride  In  ether-benzene  solution.  Yield  4. 2  g 
(91.3%)  of  a  colorless,  treacly  mass  with  b.p.  206-208*  (4  mm),  which  crystallized  on  standing.  M.p.  54-5ff. 
Soluble  In  organic  solvents  and  Insoluble  In  water. 

Found  %t  C  70. 76;  H  10.55;  N  8.66.  Calculated  %  C  70.80;  H  10.56;  N  8. 69. 

Dlmethoiodlde;  white  crystals  with  m.p.  269-271*. 

Found  %  N  4.59;  I  4L48.  C,iH4o02N2li.  Calculated  %  N  4.62;  I  41.91. 

Adlpoyl-bisfN-(3,9-oxazablcyclo-(3,3,l]-nonane)]  (XIII).  5.9  g  3,9-oxazabIcyclo-[3,3,l]-nonane  and 
4.67  g  adipyl  chloride  gave  by  the  above  procedure  5.43  g  (64.6%)  of  compound  with  b.p.  254-255*  (0.45  mm). 
Crystallizes  on  cooling,  m.p.  143-14?.  Soluble  In  chloroform  and  alcohol.  Insoluble  in  water. 

Found  %e  C  65.57;  H  8.45;  N  7.59.  C20H32O4N2.  Calculated  %t  C  65.93;  H  8.79;  N  7.69. 

1. 5- Bls-{ N -(3, 9-oxazablcyclo -[ 3, 3, 1] -nonano] -hexane  (XV).  8. 6  g  adipoyl-bls-[N-(3,9-oxazablcyclo- 

(3. 3.1]  -nonane)]  was  reduced  with  2. 7  g  lithium  aluminum  hydride  in  ether-benzene  solution.  Yield  6. 9  g  (87.3%) 
of  colorless,  treacly  mass  with  b.p.  251-25?  (0.6  mm),  crystallizing  on  cooling.  M.p.  32-3^.  Soluble  In  organic 
solvents.  Insoluble  In  water. 

Found  %  C  71.68;  H  10.61;  N  8.32.  CjoHj^jNj.  Calculated  %t  C  71.42;  H  10.71;  N  8.33. 

Dlmethoiodlde:  white  crystals  with  m.p.  251-25?. 

Found  %t  N  4.30;  I  40.46.  C22H4202N2I2.  Calculated  %c  N  4.52;  I  40.97. 


SUMMARY 

1.  A  new  blcycllc  compound,  3,9-oxazabIcyclo-(3,3,l]-nonane,  was  synthesized  starting  from  2,6-lutIdlnc. 

2.  Several  derivatives  of  3,9-oxazablcyclo-[3,3,l]-nonane  were  synthesized  with  the  objective  of  study  of 
their  pharmacological  properties. 
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In  the  preceding  communication  we  described  the  synthesis  of  l-azabicyclo-[3,2,l]-octane-7-carboxyllc 
acid  [1].  The  presence  of  a  reactive  carboxyl  group  makes  this  acid  useful  for  the  synthesis  of  various  7-mono- 
substltuted  l-azablcyclo-[3,2,l]-octanes.  The  latter  are  of  great  interest  from  the  biological  aspect  since 
pharmacologically  active  substances  have  been  found  among  the  Isomeric  2-monosubstltuted  qulnuclldlnes  [2]. 

In  the  present  paper  we  describe  the  synthesis  of  7-monosubstItuted  l-azabIcyclo-[3,2,l]"Octanes:  amides, 
amines,  hydrazides,  esters,  alcohols,  halogenated  derivatives,  acid  chlorides,  and  some  quaternary  salts.  The 
starting  substance  for  the  preparation  of  these  compounds  was  l-azabicyclo-(3,2,l]-octane-7-carboxyllc  acid  (I), 
which  was  converted  to  the  acid  chloride  (II)  and  subsequently  to  7-monosubstituted  l-azabIcyclo-[3,2,l]-octanes 
by  the  scheme  set  forth  on  following  page. 

Reaction  of  (II)  with  ammonia  and  dimethylamlne  gives  respectively,  the  amide  (III)  and  the  dlmethylamlde 
(V),  which  are  reduced  by  lithium  aluminum  hydride  to  the  amines  (IV)  and  (VI).  Reaction  of  ethyl  alcohol  and 
diethylaminoethanol  with  the  hydrochloride  of  l-azabIcyclo-[3,2,l]-octane-7-carboxyllc  acid  chloride  gives 
the  ethyl  (VIII)  and  dlethylaminoethyl  (XX)  esters  of  the  acid.  The  ethyl  ester  (VIII)  reacts  with  hydrazine 
hydrate  to  form  the  hydrazide  (IX),  which  can  then  be  reduced  by  lithium  aluminum  hydride  or  sodium  in  boil¬ 
ing  alcohol  to  7-hydroxymethyl-l-azabIcyclo-(3,2,l]-octane  (X).  Reaction  of  (X)  with  thlonyl  chloride  In  a 
chloroform  medium  leads  to  7-chloromethyl-l-azabIcyclo-[  3,2,1] -octane  (XI).  Unlike  the  chlorine  atom  In  the 
isomeric  2-chloro-methylqulnuclIdIne  which  has  a  low  reactivity  [3],  the  chlorine  atom  in  7-chloromethyl-l- 
azablcyclo-f  3, 2,1] -octane  is  extremely  mobile.  Reaction  of  (XI)  with  sodium  iodide  in  anhydrous  acetone  leads 
to  separation  of  a  certain  quantity  of  sodium  chloride,  which  Indicates  replacement  of  the  chlorine  atom  by 
Iodine.  Sodium  malonlc  ester  acts  on  (XI)  to  give  7-(j3 ,6 -dlcarbethoxyethyl)-l-azablcyclo-[3,2,l]-octane(XII) 
which  on  boiling  with  concentrated  hydrochloric  acid  undergoes  hydrolysis  and  partial  decarboxylation  to  7-(B  ” 
carboxyethyl)-l-azabIcyclo-[3,2,l]-octane  (XIV). 

Starting  from  (XIV)  a  series  of  derivatives  were  synthesized  by  transformations  similar  to  those  described 
above  on  starting  from  1-azabIcyclo-f  3,2,l]-octane-7-carboxylic  acid.  We  prepared  the  acid  chloride  of  7- 
(6 -carboxyethyl)-l-azabIcyclo-[3,2,l]-octane  (XV),  and  from  the  latter  by  treatment  with  dimethylamlne  and 
dlethylamlne  were  obtained  the  dlmethylamlde  (XVI)  and  diethylamide  (XVII)  of  7-(6  -carboxyethyl)-l-aza  - 
blcyclo-[  3, 2,1] -octane.  Reduction  of  (XVII)  with  lithium  aluminum  hydride  yielded  7-(y-dlethylaminopropyl)- 
l-azablcyclo-[ 3,2,l]-octane  (XVIII). 

Treatment  of  the  prepared  bases  (VI),  (XI),  (XVIII)  and  (XX)  with  methyl  Iodide  transformed  them  Into  the 
corresponding  metholodides  (VII),  (XII),  (XIX)  and  (XXI).  The  dimetholodides  of  7-(y-dIethylamlnopropyl)-l- 
azablcyclo-[ 3, 2,1] -octane  (XIX)  and  of  the  dlethylaminoethyl  ester  of  1-azabIcyclo-f  3,2,l]-octane-7-carboxyllc 
acid  (XXI)  possess  marked  blocking  action  on  the  ganglion  of  the  autonomic  nervous  system  resembling  the  ac¬ 
tion  of  dloquln  —  the  dimetholodide  of  the  dlethylaminoethyl  ester  of  quinuclidlne -2-carboxyl Ic  acid  [4]  —  but 
rather  weaker. 
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EXPERIMENTAL 


l-Azablcyclo-[3,2,n-octane-7-carboxyllc  acid  amide  (III).  10.5  of  l-a2ablcyclo-[3,2,ll-octane-7- 
carboxyllc  acid  hydrochloride  (I)  and  88  g  thionyl  chloride  were  heated  3  hr  at  60-6?.  Unreacted  thionyl 
chloride  was  distilled  off  in  vacuo;  the  residue  in  the  form  of  a  white,  crystalline  powder  was  the  hydrochloride 
of  l-azabIcyclo-[3,2,l]-octane-7-carboxylIc  acid  chloride  (II).  M.p.  265-26T  (decomp.).  Yield  11.52  g. 

11.52  g  of  the  acid  chloride  was  added  with  vigorous  ttirrlng  to  200  ml  21.2%  aqueous  ammonia  solution 
at  After  this  operation  the  mass  was  stirred  for  another  hour  at  -?  and  for  an  hour  at  room  temperature; 
the  ammonlacal  solution  was  then  decolorized  with  active  carbon,  saturated  with  potassium  carbonate  and  repeated¬ 
ly  extracted  with  chloroform.  The  extract  was  dried  with  potassium  carbonate  and  evaporated  In  vacuo  at  50*. 

Yield  of  technically  pure  amide  5.15  g.  Purification  was  effected  by  passing  a  solution  of  5.15  g  amide  In  75 
ml  chloroform  repeatedly  through  a  bed  of  active  carbon  until  the  solution  was  colorless;  the  chloroform  was 
then  taken  off  In  vacuo.  Yield  4.83  g  (56.8%)  pure  compound  in  the  form  of  a  white,  crystalline  powder,  soluble 
in  benzene,  chloroform  and  ethyl  alcohol,  poorly  soluble  in  ether.  M.p.  136.5-138.?. 

Found  %t  N  18.02.  CgHiPN,.  Calculated  %  N  18.17. 

7-Aminomethyl-l-azabIcyclo-f  3,2,I)-octane  (IV).  A  solution  of  4  5  g  1-azabicyclo-  [3, 2,1] -octane  (IV). 

A  solution  of  4.5  g  1-azabicyclo-f  3,2,l]-octane-7-carbo  yllc  acid  amide  In  110  ml  anhydrous  benzene  was 
stirred  into  a  suspension  of  2.48  g  lithium  aluminum  hydride  In  44  ml  absolute  ether.  The  reaction  mixture  was 
heated  28  hr  at  55-60*.  Addition  was  then  made  (with  cooling)  of  4.2  ml  water,  the  mass  was  stirred  30  min  , 
the  benzene-ether  solution  was  filtered  and  the  precipitate  was  repeatedly  washed  on  the  filter  with  ether  and 
chloroform  until  the  volume  of  the  filtrate  was  0  5  liter.  The  filtrate  was  dried  with  potassium  carbonate  and 
evaporated  in  vacuo.  The  residue  was  distilled.  Yield  2. 7  g  (66.3%).  A  colorless  oil,  readily  soluble  In  ben¬ 
zene,  chloroform,  ether  and  water;  strongly  absorbs  carbon  dioxide  from  the  air.  B.p.  98-100*  (13.5  mm),np*® 

1. 5028. 

Found  %:  C  68.45,  68.50;  H  11.27,  11.35.  CjHigN,  Calculated  %t  C  68.60;  H  11.43. 

1-Azabicyclo-f  3,2,l]-octane-7-carboxyllc  acid  dimethylamide  (V).  1. 9  g  hydrochloride  of  1-azabIcyclo- 
[3,2,1] -octane -7 -carboxylic  acid  chloride  was  added  to  a  solution(cooled  to  -10')  of  5.12  g  dimethylamlne  In 
55  ml  anhydrous  ether.  The  reaction  mass  was  stirred  30  min  ,  8  ml  50%  aqueous  potassium  carbonate  solution 
was  run  in,  and  the  mixture  was  well  shaken  .  The  ether  layer  was  separated  and  the  aqueous  layer  repeatedly 
extracted  with  chloroform.  The  ether -chloroform  solution  was  dried  with  potassium  carbonate  and  evaporated 
in  vacuo.  The  residue  was  distilled.  Yield  of  dimethylamide  (V)  1. 14  g  (69.4%).  A  colorless  oil,  soluble  In 
chloroform  and  ether. 

B.p.  120'  (1  mm),  n^*®  1.5088. 

Found  %c  C  65.63;  H  9.82;  N  15.34,  15.24.  CjoHigONj  Calculated  %  C  65.90;  H  9.95;  N  15.38. 

7-Dtmethylaminomethyl-l-azabicyclo-[3,2.1]-octane  (VI).  A  solution  of  3. 1  g  l-azabicyclo-[3,2,l]- 
octane- 7 -carboxylic  acid  dimethylamide  in  41  ml  absolute  ether  was  added  to  a  suspension  of  1.43  g  lithium 
aluminum  hydride  in  29  ml  absolute  ether.  The  mixture  was  diluted  with  50  ml  absolute  ether  and  the  reaction 
was  conducted  as  for  preparation  of  (IV);  yield  of  amine  (VI)  1. 55  g  (54.2%).  B.p.  101-101.?  (14-15  mm), 
njj*®  1.4800.  A  transparent,  colorless  oil,  soluble  in  water,  alcohol,  ether  and  chloroform. 

Dimethoiodlde  (VII);  a  white,  crystalline  powder  with  m.p.  243-244’,  readily  soluble  in  water,  moderately 
soluble  In  alcohol. 

Found  %  N  6.33.  C^H^gNjIj  Calculated  %:  N  6.14. 

Ethyl  ester  of  l-azabIcyclo-[3,2,l]-octane-7-carboxylic  acid  (VIII).  80  ml  anhydrous  alcohol  was  added 
to  8.15  g  hydrochloride  of  1-azabIcyclo-f  3,2,l]-octane-7-carboxylic  acid  chloride,  and  the  resulting  solution 
was  boiled  3  hr.  After  removal  of  the  alcohol  by  distillation  in  vacuo,  the  residue  was  treated  with  18  ml  50% 
aqueous  potassium  carbonate  solution;  the  oil  that  formed  was  extracted  with  ether,  and  the  ethereal  solution 
was  dried  with  potassium  carbonate.  The  ether  was  taken  off  in  vacuo  and  the  substance  was  distilled.  B.p. 

124-12?  (12.5  mm)  Yields.  7  g  (74.4%)  A  slightly  yellow  oil  with  a  strong  ammonlacal  odor,  readily 

soluble  in  alcohol  and  ether. 
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B.p.  124-125*  (12  mm),  d4*'’  1.0527,  1.4800,  MRp  49.46;  calo.  49.57. 

Found  N  7.39,  7.64.  C,oHi70,N.  Calculated  N  7.64. 

Hyufazlde  of  l-azablcyclo-{  3,2,l]-octane-7-carboxyllc  acid  (IX).  A  solution  of  5.03  g  ethyl  1-azabIcyclo 
f  3,2,l]-octane-7-carboxylate  and  2  7  ml  hydrazine  hydrate  In  6  ml  anhydrous  alcohol  was  heated  3  hr  at  the  boil. 
The  alcohol  and  excess  of  hydrazine  hydrate  were  distilled  off  in  vacuo  and  the  residue  was  cooled  at  -ICT  for 
24  hr.  The  crystals  were  triturated  with  absolute  ether,  filtered,  and  dried  In  a  vacuum  desiccator.  Yield  4.61  g 
(99%).  White  crystals,  easily  soluble  in  water  and  alcohol,  Insoluble  in  ether.  M.  p  93-94.5*. 

Found  %  C  57.00;  H  8.91;  N  24.89.  CgHuON,.  Calculated  %  C  56.  75;  H  8.93;  N  24.83. 

7-Hydroxymethyl-l-azabIcyclo-[3,2,l]-octane  (X).  a)  5.73  g  metallic  sodium  was  added  to  a  boiling 
solution  of  5.66  g  ethyl  l-azabIcyclo=f  3,2,l]-octane-7-carboxylate  in  57  ml  absolute  alcohol.  After  the  sodium 
had  dissolved,  the  reaction  mixture  was  cooled  to  room  temperature,  34  ml  water  was  added,  and  the  alcohol 
was  distilled  off  in  vacuo.  The  residue  was  dissolved  in  a  small  quantity  of  water,  the  alkaline  solution  was 
repeatedly  extracted  with  ether,  the  ethereal  solution  was  dried  with  potassium  carbonate,  the  solvent  was  eva¬ 
porated  In  vacuo,  and  the  residue  was  distilled.  Yield  1.75  g  (40.2%)  of  the  alcohol  in  the  form  of  a  trans¬ 
parent  oil,  soluble  in  ether  and  chloroform. 

B.p.  lU-llS*  (13mm).d4^°  1.0316,  np*®  1.5012,  MRp  40.34;  calc.  40.21. 

Found  %  C  67.84;  H  11.13;  N  9  85,  9  92  CgHjjON.  Calculated  %  C  68  04;  H  10  71;  N  9.92. 

b)  A  solution  of  11.6  g  ethyl  l-azabicyclo-r3,2.11-octane-7-carboxylate  in  116  ml  absolute  ether  was 
added  with  vigorous  stirring  to  a  suspension  of  5.33  g  lithium  aluminum  hydride  In  107  ml  absolute  ether  in  the 
course  of  80  min.  The  mixture  was  stirred  1  hr  at  the  boiling  point  of  ether,  then  cooled,  and  treated  with  10 
ml  water;  the  inorganic  hydroxides  were  filtered  off  and  thoroughly  washed  on  the  filter  with  ether.  The  pre¬ 
cipitate  was  stirred  with  30  ml  50%  aqueous  potassium  carbonate  solution  and  extracted  with  ether.  The  combined 
ethereal  solution  was  dried  with  potassium  carbonate  and  evaporated  in  vacuo,  the  residue  was  distilled.  Yield 
7.88  g  (88%). 

B.p.  112-113.5*  (13  mm).  Up”  1.5032. 

Found  %:  C  68.19;  H  10.88;  N  9.97.  CgHijON.  Calculated  %:  C  68.04;  H  10.69;  N  9.93. 

7-Chloromethyl-l-azabicyclo-[3,2, 11-octane  (XI).  18.3  ml  15%  alcoholic  hydrogen  chloride  solution 

was  added  to  3.06  g  7-hydroxytnethyl-l-azabicyclo-[ 3,2,l]-octane.  Distillation  of  the  alcohol  In  vacuo  left 
4.51  g  of  the  hydrochloride  of  7-hydroxymethyl-l-azabIcyclo-[3,2,l]-octane  with  m.p.  259-261*.  To  the  latter 
were  added  18  ml  chloroform  and  18  ml  thionyl  chloride  The  mixture  was  heated  30  min  at  70*.  the  chloro¬ 
form  and  excess  of  thionyl  chloride  were  taken  off  In  vacuo,  the  residue  was  treated  with  10. 2  ml  50%  aqueous 
potassium  carbonate  solution,  and  the  chloride  base  was  extracted  with  ether.  The  ethereal  solution  was  dried 
with  potassium  carbonate,  the  ether  was  evaporated  In  vacuo,  and  the  residue  was  distilled.  Yield  4. 1  g  (91%) 
of  compound  as  a  colorless,  transparent  oil,  soluble  In  ether  and  chloroform.  B.p.  101.5“  (13  mm),  n*®D  1.5011. 

Found  %;  C  60.45;  H  8.88;  N  9.01.  CgHi4NCl2.  Calculated  %;  C  60  18;  H  8.84;  N  8.77. 

Hydrochloride:  colorless,  extremely  hygroscopic  crystals,  soluble  in  alcohol,  insoluble  in  ether.  M.p. 

206-20r. 

Found  %  C  48.99;  H  7.71;  N  7.02.  CgH^NClz.  Calculated  %C  48  99;  H  7.17;  N  7.14. 

Methoiodide  (XII):  colorless  crystals,  easily  soluble  in  water  and  alcohol,  insoluble  In  ether.  M.p.  148-150*. 

Found  %:  I  42.13.  Cgll^NC  II.  Calculated  %:  I  42.20. 

7-(fl  ,6  -Dicarbethoxyethyl)-l-azabicyclo-[3,2,l]-octane  (XIII).  6  9  g  malonic  ester  was  added  to  a  solu¬ 
tion  of  1  g  metallic  sodium  in  18  6  ml  absolute  alcohol;  this  was  followed  by  6.9  g  7-chloromethyl-l-azabl- 
cyclo-[3,2,l]-octane  dissolved  In  10  ml  absolute  alcohol  The  mixture  was  heated  20  hr  at  100*  and  cooled; 
the  sodium  chloride  was  filtered  off  and  washed  with  absolute  alcohol  The  filtrate  was  evaporated  in  vacuo 
and  the  residue  was  distilled;  the  fraction  boiling  at  150*  (0.3  mm)  was  collected;  n^^*®  1.4769  Yield  5.27  g 
(43.1%).  Colorless  oil,  soluble  in  acetone  and  alcohol. 
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Found  C  63.28,  63.38;  H  8.88;  9.03;  N  5.23.  CBH25O4N.  Calculated  oJa  C  63.60;  H  8.88;  N  4.95. 

Hydrochloride  of  7-(B -carboxyethyl)-l-azabicyclo-[3,2,l]-octane  (XIV).  2.82  g  7-(S  ,3 -dicarbethoxyethyl)- 

l-azablcyclo-[3,2,l]-octane  and  27  ml  concentrated  hydrochloric  acid  were  heated  10  hr  at  140-145*.  The 
hydrochloric  acid  solution  was  cooled,  decolorized  with  active  carbon  and  evaporated  on  a  steam  bath.  The 
crystals  were  separated  from  mother  liquor  and  the  latter  was  treated  In  the  same  manner  as  before  to  give  an 
additional  quantity  of  crystals.  Yield  1  62  g  (74.2%).  Colorless  crystals,  soluble  in  water  and  alcohol.  Insoluble 
In  ether.  M  p.  252-254*. 

Found  %t  C  54.53,  54.95;  H  8.18,  8  37;  N  5.94.  C^HiAN  HCl.  Calculated  %t  C  54.70;  H  8.26  ;  N  6.37. 

Dlmethylamide  of  7-(6  -carboxyethyl)-l-azablcyclo-f  3,2,l]-octane  (XVI).  1.31  g  hydrochloride  of  7- 
(3  carboxyethyl)-l-azablcyclo-r3,2,l]-octane  and  6.7  ml  thlonyl  chloride  were  heated  3  hr  at  60*.  The  excess 
of  thlonyl  chloride  was  distilled  off  In  vacuo  at  4(f.  There  was  obtained  1.55  g  of  the  hydrochloride  of  7-(3  “ 
carboxyethyl)-l-azabIcyclo-r 3,2, 11-octane  acid  chloride  (XV)  In  the  form  of  a  yellow,  crystalline  powder.  The 
latter  was  added  to  a  solution  of  3.84  g  dimethylamlne  In  45  ml  ether  cooled  to  -10*,  and  the  mixture  was 
stirred  3  hr  at  -5*.  To  the  mixture  was  then  added  20  ml  50%  aqueous  potassium  carbonate  solution,  the  ether 
layer  was  collected,  and  the  aqueous  layer  was  exhaustively  extracted  with  chloroform.  The  ether -chloroform 
solution  was  dried  with  potassium  carbonate  and  evaporated  in  vacuo;  the  residue  was  distilled.  The  fraction 
boiling  at  169-172*  (0.5  mm)  was  collected;  n^*®  1.4960.  Yield  0.32  g  (25.6%).  A  slightly  colored,  viscous 
oil,  soluble  In  ether  and  chloroform. 

Dlplcrate:  yellow  crystals.  M.p.  160-162*  (from  alcohol). 

Found  %c  C  43.41,  43.50;  H  4.67,  4.53.  CizHjPNj-  2C^307N5.  Calculated  %  C  43.15;  H  4.19. 

Diethylamide  of  7-(3  “carboxyethyl)-l-azabicyclo-[3,2,l]-octane  (XVII).  3.33  g  7-(3  "carboxyethyl)-!- 
azabIcyclo-(3,2,l]-octane  hydrochloride  was  treated  with  17  ml  thlonyl  chloride  as  described  above.  The  re¬ 
sulting  acid  chloride  was  mixed  with  10  ml  absolute  ether,  and  into  the  suspension  was  stirred  a  solution  of 
13.4  g  diethylamine  In  15  ml  absolute  ether,  the  temperature  being  maintained  at  about  0*.  The  reaction  mass 
was  stirred  another  45  min,  after  which  17  ml  50%  potassium  carbonate  solution  was  added  and  the  mass  was 
extracted  with  ether  The  ethereal  extract  was  dried  with  potassium  carbonate  and  evaporated  In  vacuo,  and 
the  residue  was  distilled.  B.p.  137-139*  (0.16  mm),nD*®  1.5035.  Yield  2  26  g  (62.6%).  A  transparent,  viscous 

oil,  soluble  In  ether  and  chloroform. 

Found  %  N  11.50,  12.07.  Ci4Hj^Nj.  Calculated  %:  N  11.76. 

7-(y-DlethylamInopropyl)-l-azablcyclo-f  3,2,1] -octane  (XVIII).  2.26  g  diethylamide  of  7- (3  -carboxy- 
ethyl)-l-azabicyclo-  [3,2,l]-octane  was  dissolved  In  23  ml  absolute  ether  and  reduced  for  25  hr  with  0.72  g 
lithium  aluminum  hydride  in  14  ml  absolute  ether  as  described  for  preparation  of  (IV)  and  (VI).  To  the  cooled 
mixture  was  added  1.52  ml  water;  the  mass  was  stirred  20  min  and  then  filtered.  The  precipitate  was  washed 
on  the  filter  with  ether.  The  ethereal  solution  was  dried  with  potassium  carbonate  and  evaporated  in  vacuo.  The 
residue  was  distilled.  B.p.  140-142*  (6  mm),  n^*®  1.4850.  Yield  0.78  g  (36. T^o).  A  faintly  colored  oil,  soluble 
In  ether.  It  was  identified  In  the  form  of  the  dlmetholodlde  (XIX),  which  was  prepared  by  adding  0.3  ml  of  the 
base  to  a  solution  of  1  ml  methyl  iodide  In  4  ml  absolute  ether  The  precipitate  was  filtered  and  dried.  White 
crystals,  readily  soluble  In  water  and  alcohol.  Insoluble  In  ether.  M  P.  232-23^. 

Found  %t  N5.66.  Ci,H34N2l,.  Calculated  %  N  5.52. 

Dlethylamlnoethyl  ester  of  l-azablcyclo-[3,2.1]-octane-7-carboxylic  acid  (XX).  4.39  g  hydrochloride 
of  l-azablcyclo-[3,2,l]-octane-7-carboxylic  acid  chloride  and  98  ml  dlethylamlnoethanol  were  heated  3  hr  at 
100*.  The  excess  of  dlethylamlnoethanol  was  taken  off  In  vacuo  at  100*,  the  residue  was  treated  with  18  ml 
50%  aqueous  potassium  carbonate  solution  and  the  separated  oil  was  extracted  with  ether.  The  ethereal  extract 
was  dried  with  potassium  carbonate  and  evaporated  in  vacuo,  and  the  residue  was  distilled.  Yield  3.25  g  (61.2%X 
A  colorless  oil,  soluble  In  ether  and  alcohol.  B.p.  114.5-116.5*  (0.15  mm),  154.5-156.5*  (4.5  mm). 

Found  %  N  10.69,  10.75.  Calculated  %  N  11.02. 
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The  dlinetholodtde  (XXI)  was  obtained  by  dissolving  1.76  g  of  (XX)  In  2  ml  absolute  ether  and  stirring 
In  2.06  g  methyl  Iodide  In  2  ml  absolute  ether.  The  resulting  oil  gradually  crystallized.  The  crystals  were 
washed  on  the  filter  with  a  little  absolute  ether  and  dried  In  a  vacuum  desiccator  over  phosphorus  pentoxlde. 
Yield  3.03  g  (81.2'^).  The  dlmetholodide  Is  In  the  form  of  white,  extremely  hygroscopic  crystals,  moderately 
soluble  In  acetone.  Insoluble  In  ether  and  alcohol.  M.p.  204-20^. 

Found  N  4.88,  4.92;  145.8.  CijHjjOjNl,.  Calculated N  5.21;  147.1. 


SUMMARY 

A  number  of  7-monosubstltuted  1-azabIcyclo-f  3,2,1] -octanes  were  synthesized.  It  was  shown  that  the 
halogen  atom  In  7-chloromethyl-l-azablcyclo-[ 3,2,1] -octane  differs  from  the  halogen  In  the  previously  described 
2-chloromethylqulnuclIdlne  In  possessing  considerable  mobility,  thus  enabling  condensation  with  sodium  malonlc 
ester.  Some  quaternary  salts  of  7-monosubstltuted  1-azablcyclo-f 3,2,l]-octanes  exercise  a  blocking  action  on 
the  ganglion  of  the  autonomic  nervous  system. 
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HYDROXY  DERIVATIVES  OF  ANTHRACENE 

I.  THE  BISULFITE  COMPOUNDS  OF  1-ANTHROL  AND  4-NITROSO-l-ANrHROL 
S.  V.  Bogdanov  and  M.  V.  Gorelik 
Institute  of  Scientific  Research  for  Organic  Intermediates  and  Dyes 


A  study  of  the  properties  of  the  bisulfite  compounds  of  1-naphthol  and  4-nftroso-l-naphthol  [1,2]  enabled 
the  following  structures  to  be  proposed  (I)  and  (II); 


In  the  present  work  we  Investigated  the  products  of  addition  of  bisulfite  to  1-anthrol  and  4-nItroso-l- 
anthrol. 

The  bisulfite  compound  of  1-anthrol  Is  formed  by  treatment  of  1-anthrol  with  a  boiling  solution  of  sodium 
bisulfite  [3],  There  are  no  data  for  composition  and  properties  of  this  compound  In  the  literature.  The  compound 
Ci4Hif,OH'  NaHSOj  -SHjO  that  we  prepared  is  stable  in  a  neutral  and  acid  medium,  but  It  is  easily  decomposed 
by  alkalies  to  form  sulfite  and  1-anthrol.  Treatment  with  hydroxylamine,  semicarbazide  and  phenylhydrazine  In 
an  acetic  acid  medium  gives, respectively,  the  oxime,  semicarbazone  and  phenylhydrazone  of  the  bisulfite  com¬ 
pound  of  1-anthrol.  This  reflects  the  presence  in  the  bisulfite  compound  of  a  free  carbonyl  group  and  indicates 
the  structure  of  l-oxo-l,2,3,4-tetrahydroanthracene-3-sulfonic  acid  (III). 

The  structures  of  the  oxime  semicarbazone  and  phenylhydrazone  may  be  represented  by  formulas  (IV),  a, 
b  and  c: 


I  II  I 
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'■V\^\/VS0,Na 

(111^ 


NH 

II 

^  /'nXXh 

.  1 1  '' 

(IV)  a ,  R  =  on, 

b  ,  R  =  NIICONH, 
c  ,  H  N11C,H,. 


The  bisulfite  compound  of  4-nitroso-l-aiithrol  was  prepared  by  treatment  of  4-nitroso-l-anthrol  with  sodium 
bisulfite  solution  in  presence  of  a  little  pyridine  In  the  absence  of  pyridine  the  yield  falls  from  82  to  6‘ya  A 
similar  phenomenon  was  observed  in  1954  when  the  bisulfite  compound  of  alizarin -3-quinoline  was  prepared  [4]. 
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The  bisulfite  compound  of  4-nItroso-l-anthrol  easily  loses  a  molecule  of  sulfite  under  the  action  of 
caustic  alkalies,  while  with  hydroxylamlne  hydrochloride  In  presence  of  sodium  acetate  it  forms  the  bisulfite 
compound  of  1,4-anthraqulnonedloxlme.  The  latter  Is  more  resistant  to  alkalies  than  the  bisulfite  compound  of 
4-nltroso“l-anthrol,  but  when  boiled  with  sodium  hydroxide  It  breaks  down  to  sulfite  and  the  sodium  salt  of 
1,4-anthraqulnonedloxlme. 

The  transition  from  the  bisulfite  compound  of  4-nltroso-l-anthrol  to  the  bisulfite  compound  of  1,4-anthra¬ 
qulnonedloxlme  points  to  addition  of  the  bisulfite  molecule  not  to  the  carbonyl  group  but  at  the  double  carbon  — 
carbon  bond  (V  and  VI). 
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I  1  1  1" 
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NOH  NOn 

(V)  (VI) 


It  follows  from  the  results  obtained  that  the  bisulfite  compounds  of  1-anthrol  and  4-nltroso-l-anthrol  are 
analogous  in  structure  to  the  corresponding  derivatives  of  the  naphthalene  series. 


EXPERIMENTAL 

Bisulfite  compound  of  1-anthrol  (III).  A  mixture  of  9.7  g  1-anthrol  (m.p.  151-15?),  68.9  g  37. 8*70  sodium 
bisulfite  solution  and  200  ml  water  was  boiled  20  hr.  A  very  small  quantity  of  precipitate  (0.2  g)  was  filtered 
off  and  washed  with  50  ml  water.  To  the  filtrate  was  added  100  ml  saturated  sodium  chloride  solution.  The 
precipitated  bisulfite  compound  was  filtered,  washed  with  50  ml  10%  sodium  chloride  solution,  with  alcohol  and 
with  ether.  The  yield  of  product  containing  96. 2%  bisulfite  compound  was  15.4  g  (84.2%). 

For  analysis. a  weighed  sample  of  the  bisulfite  compound  was  dissolved  In  100  ml  water,  the  solution  was 
made  alkaline  with  5  ml  40%  sodium  hydroxide,  diluted  after  5  min  with  1500  ml  water,  and  acidified  with 
10  ml  hydrochloric  acid  (d  1.18).  The  resulting  suspension  was  titrated  with  Iodine. 

The  sodium  salt  forms  colorless  plates  (from  water),  easily  soluble  In  water  and  sparingly  In  alcohol. 

Found  %t  HjO  14.78  (dried  at  120*);  C  47.70;  H  4.67;  Na  6.51,  M  353.7  (lodometrlc  determination). 

Ci4HiP4SNa  •  3H,0.  Calculated  %  HjO  15.34;  C  47.72;  H  4.86;  Na  6  53  M  352.3. 

Oxime  (IVa).  A  solution  of  17.  6  g  (III),  4. 17  g  hydroxylamlne  hydrochloride  and  10  g  crystalline  sodium 
acetate  in  90  ml  water  was  boiled  30  min.  To  the  slightly  colored  solution  was  then  added  50  ml  saturated 
barium  chloride  solution.  The  barium  salt  came  down  on  cooling  and  was  filtered  and  washed  with  alcohol  and 
ether  .  Yield  17.5  g.  Colorless  needles  (from  water),  sparingly  soluble  in  hot  water  and  Insoluble  In  alcohol. 
The  compound  does  not  split  off  sulfuric  acid  on  treatment  with  10%  sodium  hydroxide  at  20*  for  12  hr.  Bolling 
of  the  solution  In  dilute  hydrochloric  acid  converts  the  compound  Into  (III)  which,  after  being  made  alkaline  and 
subsequently  reacldlfled,  forms  sulfur  dioxide  and  1-anthrol  (m.p.  151-15?). 

Found  %c  HjO  4.58  (dried  at  130* );  C  44. 34;  H  3.61;  N  3.60;  Ba  18.07.  Ci4Hb04NS  Vj  Ba  •  HjO. 

Calculated  %  HjO  4.78;  C  44.59;  H  3. 71;  N  3. 71;  Ba  18. 22. 

Semicarbazone  (IVb).  A  solution  of  17  6  g  (III),  6. 7  g  semlcarbazlde  hydrochloride  and  50  g  crystalline 
sodium  acetate  In  120  ml  water  was  heated  30  min  at  85*.  After  cooling,  the  precipitate  was  filtered  and 
washed  with  alcohol  and  ether  Yield  18.  3  g.  The  sodium  salt  forms  colorless  plates  (from  50%  alcohol), 
easily  soluble  in  water  and  sparingly  in  alcohol-  It  behaves  like  the  oxime  towards  acids  and  alkalies  but  Is 
slightly  decomposed  by  10%  sodium  hydroxide  In  the  course  of  12  hr  at  20°. 

Found  %  HjO  7.30  (dried  at  120^);  C  47.08;  H  4.38;  N  10.99;  Na  6.05.  Ci5Hi4P4N3SNa  •  1.5  HjO. 

Calculated  %  HjO  7.08;  C  47. 11;  H  4.45;  N  10.98;  Na  6.02. 
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Phenylhydrazonc  (IVc).  A  solution  of  8.65  g  phenylhydrazine  hydrochloride  In  50  ml  water  was  added  at 
60*  to  a  solution  of  17.6  g  (III)  and  20  g  crystalline  sodium  acetate  In  100  ml  water.  The  resulting  suspension 
was  cooled  to  5*.  and  the  precipitate  was  filtered  and  washed  with  alcohol  and  ether.  Yield  of  sodium  salt  of 
the  phenylhydrazone  21.2  g.  Yellowish,  rectangular  plates  (from  SO'^fc  alcohol),  easily  soluble  In  water  and 
sparingly  In  alcohol. 

Found  H,0  15.76  (dried  at  10?);  N  5.82;  Na  4.91  CjoHnOjNiSNa  •  4  HjO.  Calculated  ojo  ;  HjO 

15.65;  N  6.08;  Na  5.00. 

Bisulfite  compound  of  4-nltroso-l-anthrol  (V).  4.46  g  4-nltroso-l-anthrol  with  m.p.  23?  (decomp.) 
(prepared  by  the  action  of  sodium  nitrite  and  zinc  chloride  on  1-anthrol  In  an  alcoholic  medium  [5]),  11  g  31. 
sodium  bisulfite  solution,  50  ml  water  and  0.5  ml  pyridine  were  stirred  8  hr  at  55*.  The  resulting  reddish-brown 
solution  was  filtered  from  the  small  resinous  precipitate,  the  filter  was  washed  with  5  ml  hot  water,  and  13  g 
sodium  chloride  was  added  to  the  filtrate  while  the  latter  was  heated.  The  mixture  was  cooled  to  10*  and  the 
precipitate  was  filtered  and  washed  with  alcohol  and  ether  Yield  95%  of  sodium  salt  of  bisulfite  compound 
6.04  g  (82%)  (the  analytical  procedure  was  the  same  as  for  III).  Colorless  needles  (from  80%  alcohol),  very 
readily  soluble  In  water  and  sparingly  soluble  in  alcohol.  A  red  solution  Is  formed  In  dilute  alkalies,  from  which 
4-nltroso-l-anthrol  Is  deposited  on  acidification 

Found  %  HjO  6.50  (dried  at  10?);  C  47.96;  H  3.48;  N  4.14;  Na  6.35.  C^HttOgNSNa  *  1.25  HjO. 

Calculated  %:  HjO  6.44;  C  48.07;  H  3.57;  N  4.00;  Na  6.58. 

Bisulfite  compound  of  1,4-anthraquinonedioxime  (VI).  A  solution  of  4.2  g  (V),  1  g  hydroxylamlne  hydro¬ 
chloride  and  2  g  crystalline  sodium  acetate  In  20  ml  water  was  boiled  45  min.  The  small  quantity  of  4-nltroso- 
l-anihro1  formed  (0.09  g)  was  filtered  off  and  washed  with  5  ml  hot  water.  Addition  to  the  filtrate  of  5  g  sodium 
chloride  brought  down  a  precipitate  which  was  filtered  and  washed  with  alcohol  and  ether  (4.05  g).  Easily 
soluble  In  water,  less  soluble  in  alcohol;  slowly  decomposes  In  5%  sodium  hydroxide  solution  at  20*  and  splits  off 
sulfite. 

Found  %  HjO  11.61  (dried  at  10?);  N  7.10;  Na  5.96.  C^HiPgNjSNa  •  2.5  Hp.  Calculated  %t  H,0 

11.62;  N  7.23;  Na  5.94. 

1,4-Anthraqulnonedloxlme.  A  solution  of  1.94  g  (VI)  In  50  ml  1.5%  sodium  hydroxide  was  boiled  10  mirt  , 
cooled  and  poured  Into  50  ml  3% hydrochloric  acid.  The  gelatinous,  yellow  precipitate  was  filtered  off,  washed 
with  water  until  neutral,  dried  and  recrystallized  from  dilute  alcohol.  Yield  0.73  g  (64%).  Small  yellow  need¬ 
les  ,  soluble  In  alcohol,  glacial  acetic  and  chlorobenzene,  difficultly  soluble  In  benzene  and  chloroform.  In¬ 
soluble  In  water,  ether  and  carbon  tetrachloride.  The  compound  darkens  at  about  215*  and  gradually  decom¬ 
poses  at  240-250*. 

Found  %t  C  70.82;  H  4.35.  CuHioOp^-  Calculated  %  C  70.58;  H  4.23. 

Dlacetyl  derivative.  0.238  g  1,4-anthraqulnonedIoxIme  was  boiled  20  min  In  10  ml  acetic  anhydride. 
The  cooled  solution  began  to  deposit  elongated,  yellow  prisms  which  were  filtered  and  washed.  Yield  0.252  g 
(78%),  m.p.  231.?  (decomp. > M.p.  23?  (decomp  )  after  recrystallization  from  acetic  anhydride  and  glacial 
acetic  acid.  Soluble  In  benzene,  chloroform  and  carbon  tetrachloride,  poorly  soluble  In  alcohol.  Insoluble  In 
water,  alkalies  and  ether 

Found  %:  C  66. 94;  H  4. 33.  CigHiP4N2.  Calculated  %c  C  67.07;  H  4. 38. 

SUMMARY 

1.  The  bisulfite  compound  of  1-anthrol  reacts  with  hydroxylamlne,  semicarbazide  and  phenylhydrazine 
to  form, respectively, the  oxime,  semicarbazide  and  phenylhydrazone  of  the  bisulfite  compound  of  1-anthrol. 

2.  4-Nitroso-l-anthrol  reacts  with  sodium  bisulfite  to  form  the  bisulfite  compound  of  4-nIrroso-l-anthrol. 
This  Is  converted  by  the  action  of  hydroxylamlne  Into  the  bisulfite  compound  of  1,4-anthraqulnonedloxlme. 

3.  The  bisulfite  compound  of  1-anthrol  can  be  assigned  the  structure  of  l-oxo-l,2,3,4-tetrahydroanthra- 
cene-3-sulfonic  acid,  and  the  bisulfite  compound  of  4-nItroso-l-anthrol  the  structure  of  l-oxo-4-hydroxylImIno- 
l,2,3,4-tetrahydroanthracene-3-sulfonIc  acid. 
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HYDROXY  DERIVATIVES  OF  ANTHRACENE 
II.  THE  BISULFITE  COMPOUND  OF  1-NITROSO-2-ANTHROL 

S.  V.  Bogdanov  and  M.  V.  Gorelik 

Institute  of  Scientific  Research  for  Organic  Intermediates  and  Dyes 


It  was  shown  previously  [1]  that  the  bisulfite  compound  of  l-nItroso-2-naphthol  reacts  with  hydroxyl- 
amine  to  form  the  bisulfite  compound  of  1.2-naphthoqulnonedIoxlme,  which  in  turn  is  capable  of  a  number  of 
transformations.  It  was  of  Interest  to  prepare  the  bisulfite  compound  of  l-nItroso-2-anthrol  and  to  establish 
whether  the  reactions  characteristic  of  the  bisulfite  compound  of  2-naphthol  and  its  derivatives  also  took  place 
in  the  anthracene  series. 

Fieser  [2]  obtained  a  low  yield  of  l-amIno-2-anthrol-4-sulfonIc  acid  on  acidifying  a  bisulfite  solution 
of  l-nItroso-2-anthrol,  but  he  did  not  isolate  the  bisulfite  compound.  We  prepared  the  bisulfite  compound  of 
l-nItroso-2-anthrol  In  90%  yield  by  treating  l-nitroso-2-anthrol  with  double  the  quantity  of  sodium  bisulfite  in 
presence  of  pyridine.  Addition  of  the  latter,  as  in  the  case  of  4-nitroso-anthrol  [3],  Increased  the  yield  of 
bisulfite  compound,  but  part  of  the  compound  separated  as  the  pyridine  salt. 

The  bisulfite  compound  of  l-nltroso-2-anthrol  is  stable  In  neutral  and  acid  media,  but  It  is  quantitatively 
broken  down  by  alkalies  to  sulfite  and  l-nItroso-2-anthrol.  Reduction  of  the  bisulfite  compound  of  l-nltroso-2- 
anthrol  with  sulfurous  acid  or  tin  chloride  gives  l-amIno-2-anthrol-4-sulfonlc  acid;  reaction  with  hydroxylamine 
leads  to  the  bisulfite  compound  of  1,2-anthraquInonedIoxIme.  Transformation  Into  l-amIno-2-anthrol-4-sulfonIc 
acid  on  reduction  with  stannous  chloride  shows  that  the  sulfo  group  is  in  the  4  position  in  the  bisulfite  compound 
of  l-nitroso-2-anthrol,  while  the  formation  of  the  bisulfite  compound  of  1,2-anthraquinonedIoxlme  testifies  to 
the  presence  of  a  free  carbonyl  group.  In  the  light  of  these  facts  we  can  assign  to  the  bisulfite  compound  of  1- 
nitroso-2-anthrol  the  structure  of  2-oxo-l-hydroxylimino-l,2,3,4-tetrahydroanthracene-4-sulfonlc  acid  (I). 

Two  directions  of  transformation  In  an  alkaline  medium  characterize  the  bisulfite  compound  of  1,2-anthra- 
quinonedloxlme:  detachment  of  a  molecule'  of  bisulfite  and  anhydridizatlon  of  the  orthoquinonedioxime  group¬ 
ing.  Different  products  can  be  obtained  by  varying  the  reaction  conditions.  1,2-Anthraqulnonedioxlme  (III) 

Is  formed  In  dilute  (5-6%)  sodium  hydroxide  solution  at  50’;  boiling  with  0.1%  sodium  carbonate  solution  gives 
the  bisulfite  compound  of  l,2-anthra-(3',4')-furazan  (IV,  basic  product)  and  l,2-anthra-(3',4’)-furazan  (V).  In 
boiling  sodium  hydroxide  solution,  (III),  (IV)  and,  directly,  (II)  are  transformed  into  compound  (V). 

Oxidation  with  dilute  nitric  acid  leads  to  facile  closure  of  the  ortho-quinone  grouping  of  compounds  (II) 
and  (III)  to  give  the  furoxan  ring.  Thus,  (III)  gives  quantitatively  l,2-anthra-(3’,4’)-furoxan  (VI),  while  (II) 
gives  the  bisulfite  compound  of  l,2-anthra-(3',4')-furoxan  (VII)  and  (VI),  as  a  secondary  product. 

Comparison  of  the  ultraviolet  spectra  of  l-nltroso-2-anthrol  (III),  (V)  and  (VI)  (Fig.  1)  with  the  spectra  of 
their  bisulfite  compounds  (Fig.  2)  shows  that  the  bisulfite  compounds  are  mainly  distinguished  by  degeneracy 
of  the  absorption  maximum  in  the  300  m  ^  region  which  characterizes  1.2-anthraquinone(Flg.  1,  curve  5). 

This  effect  is  evidently  due  to  breakdown  of  the  quinold  structure  of  the  carbon  ring  carrying  the  functional 
group  owing  to  addition  of  bisulfite  at  the  carbon -carbon  double  bond. 
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Transformations  of  the  Bisulfite  Compound  of  l-Nftroso-2-anthrol 


NOH  NOM  N — O 


200  Z50  300  350  m  ^50 


X  mfz 

Fig.  1.  Absorption  spectra  (in  alcohol),  1)  1,2-anthraquinonedioxime 
(III);  2)  l,2-anthra-(3’,4')-furazan  (V);  3)  l,2-anthra"(3’4*)-furoxan 
(VI);  4)  l-nitroso-2-anthrol;  5)  1,2-anthraquinone . 


The  similarity  between  the  chemical  properties  of  the  bisulfite  compounds  of  l-nitroso-2-anthrol  and 
1,2-anthraquinonedioxime  and  the  properties  of  the  bisulfite  compounds  of  l-nltroso-2-naphthol  and  1,2-naphtho- 
quinonedloxime  points  to  similar  structures  of  these  derivatives  of  the  anthracene  and  naphthalene  series. 


Fig,  2.  Absorption  spectra  of  the  bisulfite 
compounds  (in  alcohol). 

1)  1,2-anthraquinonedioxime  (II);  2)  1,2- 
anthra-(3’,4’)-furazan  (IV);  3)  1,2-anthra- 
(3’,4’)-furoxan  (VII);  4)  l-nItroso-2-anthrol 
(I),  in  80%  alcohol. 

after  5  minutes  the  solution  was  poured  into  1500 
hydrochloric  acid,  and  the  yellow  suspension  was 


EXPERIMENTAL 

Bisulfite  compound  of  l-nltroso-2-anthrol  (I),  a)  2- 
Anthrol  (m.p.  245-24T)  was  prepared  by  reducing  the  sodium 
salt  of  2-anthraquinonesulfonic  acid  with  zinc  dust  [4]  and 
fusing  the  reduction  product  with  potassium  hydroxide  [5]; 
2-anthrol  was  purified  by  vacuum  sublimation. 

29  1  g  2-anthrol  was  nitrosated  with  sodium  nitrite  and 
zinc  chloride  in  an  alcoholic  medium  [5].  There  was  obtain¬ 
ed  30,5  g  nitroso  compound  with  m.p.  174"  (decomp.);  ac¬ 
cording  to  the  literature  l-nitroso-2-anthrol  melts  at  188* 
(decomp. )  [5]. 

A  mixture  of  the  pulverized  nitroso  compound,  71.4  g 
39.3%  sodium  bisulfite  solution,  95  ml  water  and  1.6  ml 
pyridine  was  stirred  10  hr  at  45-50*.  18  hours  after  comple¬ 
tion  of  the  heating,  the  mass  was  filtered.  The  precipitate 
was  washed  on  the  filter  with  alcohol  and  ether  and  treated 
with  450  ml  water  heated  to  70*.  The  undlssolved  portion 
was  separated  and  to  the  orange  solution  was  added  100  g 
sodium  chloride.  The  precipitated  sodium  salt  of  (I)  wa^ 
filtered  off  and  washed  with  alcohol  and  ether.  Yield  29.5  g 
The  insoluble  residue  (8.2  g)  was  again  treated  with  sodium 
bisulfite.  In  this  manner  another  6. 4  g  of  sodium  salt  of  (I) 
was  obtained.  Total  yield  96,2%  (35.9  g)of  bisulfite  com¬ 
pound  ^63%  calculated  on  the  2-anthrol). 

The  sodium  salt  of  (I)  forms  yellowish,  square  plates 
(from  water),  easily  soluble  in  hot  water,  poorly  soluble  in 
cold  water,  and  very  sparingly  soluble  in  alcohol.  Alkalies 
decompose  it  to  sulfite  and  the  yellowish-green  sodium  salt 
of  l-nitroso-2-anthrol.  It  breaks  down  when  heated  above 
100*. 

For  analysis,  0,3-0, 4  g  bisulfite  compound  was  dissolved 
in  100  ml  water,  5  ml  40%  sodium  hydroxide  was  added, and 
ml  water.  The  solution  was  acidified  with  10  ml  concentrated 
titrated  with  iodine. 


Found  %;  C  46.35;  H  3.78;  N  4.08;  Na  6.48.  M  364.7  (iodometric  determination). 
•  2HjO  .  Calculated  %c  C  46  28;  H  3.88;  N  3.86;  Na  6.33.  M  363.3. 


CwHioOgNSNa 


b)  30.13  g  l-nltroso-2-anthrol  with  m.p  188“  (decomp. ).  prepared  by  decomposition  of  (I)  with  sodium 
hydroxide,  was  stirred  5  hr  at  50-55*  with  71.4  g  38  3%  sodium  bisulfite  solution.  95  ml  water  and  5  ml  pyri¬ 
dine.  The  reaction  mass  was  worked  up  as  in  a).  Yield  96. 3%  of  sodium  salt  (4L64  g  or  82%  yield  reckoned 
on  the  2-anthrol).  The  "Insoluble  residue"  consisted  of  3.21  g  (8.1%)  of  the  pyridine  salt  of  (I).  The  compound 
forms  colorless,  rectangular  plates,  poorly  soluble  in  water;  it  partially  hydrolyzes  in  hot  aqueous  solution  with 
release  of  pyridine;  sodium  hydroxide  decomposes  it  to  the  sodium  salt  of  l-nltroso-2-anthrol,  sulfite  and  pyri¬ 
dine.  Does  not  contain  water  of  crystallization;  gradually  breaks  down  when  heated  in  a  capillary  at  above 


200*. 


Found  %  C  59.37;  H  4.02.  CijHi^sNjS.  Calculated  %  C  59.52;  H  3.94. 


l-Amlno-2-anthrol-4-sulfonlc  acid,  a)  A  mixture  of  1.1  g  sodium  salt  of  (I),  1. 5  g  stannous  chloride, 

2  ml  concentrated  hydrochloric  acid  and  8  ml  water  was  brought  to  the  boil  and  rapidly  cooled.  Small  grey 
needles  started  to  come  down  at  about  60",  and  hydrogen  sulfide  came  off.  The  precipitate  was  filtered,  and 
washed  with  10*70  hydrochloric  acid,  water,  alcohol  and  ether  Yield  0.8  g.  After  copper  sulfate  and  sodium  ni¬ 
trite  had  been  added,  the  suspension  of  the  substance  In  water  formed  an  orange  solution  which  gave  a  blue 
coloration  with  a  sodium  carbonate  solution  of  resorcinol  Oxidation  of  the  substance  with  20*7) nitric  acid  gave 
the  ammonium  salt  of  l,2-anthraqulnone-4-sulfonIc  acid  which  formed  an  orange  precipitate  with  aniline  water, 
while  on  treatment  with  methanol  and  concentrated  sulfuric  acid  it  was  transformed  Into  2-methoxy-l,4-anthra- 
qulnone  with  m.p.  215.5-216’.  A  mixture  with  2-methoxy-l,4-anthraquInone  prepared  by  Fleser's  method  [2] 
melted  at  215.5-216’. 

b)  To  a  solution  of  1.82  g  of  sodium  salt  of  (I)  In  40  ml  water  was  added  2  ml  37.8*7)  sodium  bisulfite 
solution  and  3  ml  concentrated  sulfuric  acid.  After  standing  14  days  In  a  closed  vessel  at  20",  the  resulting 
crystals  were  filtered,  washed  with  water  and  repreclpltated  from  2*7o  sodium  sulfite  solution.  Yield  1.04  g  (70*7o)_ 
Small,  greenish -yellow  needles.  Insoluble  In  water  and  alcohol.  The  properties  of  the  compound  resembled 
those  of  the  product  of  method  a). 

Bisulfite  compound  of  1,2-anthraqulnonedioxlme  (II).  A  solution  of  54.5  g  sodium  salt  of  (I),  11.5  g  hydrox- 
ylamlne  hydrochloride  and  25  g  crystalline  sodium  acetate  In  250  ml  water  was  heated  30  min  at  95-96’.  50  g 
sodium  chloride  was  then  added  and  the  mass  was  stood  20  hr  at  15".  The  precipitate  (51.4  g)  was  filtered  and 
washed  with  alcohol  and  ether.  After  recrystalllzatlon  from  an  equal  quantity  of  water,  the  yield  of  sodium  salt 
of  (II)  was  47.5  g  (80*7o).  Colorless  plates,  very  easily  soluble  In  water  and  sparingly  In  alcohol.  The  aqueous 
solution  of  the  compound  gives  a  brown  coloration  with  ferric  chloride. 

Found  *7t  H2O  13.57  (dried  at  130*);  C  42.37;  H  4.27;  N  7.05;  Na  5.86.  C^HnOsNjSNa  •  3H2O. 

Calculated  *71  H2O  13.  63;  C  42.42;  H  4. 32;  N  7.07;  Na  5.80. 

Isolation  of  (II)  Is  unnecessary  for  the  synthesis  of  compounds  (III),  (V)  and  (VII). 

1.2- Anthra-(3*.4*)-furazan  (V)  A  mixture  of  2.38  g  sodium  salt  of  (II),  3.4  ml  40*7) sodium  hydroxide 

and  20  ml  water  was  boiled  1  hr.  After  cooling,  the  precipitate  was  filtered,  washed  with  water  until  neutral, 
and  dried.  Yield  1  3  g  (98.5*7)),  m  p.  175. 2-175  7".  Yellowish,  hexagonal  plates  (from  acetone),  m.p.  176-176.?. 
Soluble  In  acetic  acid,  poorly  soluble  in  alcohol  and  benzene.  Insoluble  in  water,  acids  and  alkalies.  Solutions 
In  organic  solvents  possess  a  blue  fluorescence  The  compound  easily  sublimes  in  vacuo  at  about  150"  (5  mm) 
and  is  slightly  more  volatile  with  steam. 

Found  *71  N  12.74.  Ci4H80N2  Calculated  *7x  N  12.72. 

1.2- Anthraquinonedioxlme  (III),  a)  3  ml  40*7)  sodium  hydroxide  solution  was  run  into  a  solution  of  2.38 
g  sodium  salt  of  (II)  in  20  ml  water  at  50".  The  suspension  was  stirred  5  min  at  this  temperature  , quickly 
cooled,  and  poured  into  a  cooled  mixture  of  6  ml  concentrated  sulfuric  acid  and  40  ml  water.  The  precipitate 
was  filtered,  washed  with  water  until  neutral,  and  dried.  The  compound  was  repreclpltated  from  1*7)  sodium 
hydroxide.  Yield  1.07  g  (74.5*7)),  m.p.  18?  (decomp.).  After  recrystallization  from  dilute  alcohol,  the  melting 
point  did  not  rise.  Yellow  needles,  soluble  in  dilute  alkalies,  alcohol  and  acetic  acid,  poorly  soluble  In  benzene 
and  chloroform.  Insoluble  In  water  and  ether. 

b)  A  mixture  of  2.23  g  l-nltroso-2-anthrol,  2  21  g  hydroxylamine  hydrochloride,  4  g  crystalline  sodium 
acetate,  100  ml  alcohol  and  10  ml  water  was  boiled  1  hr.  The  reddish-brown  solution  was  decolorized  with  carbon, 
and  80  ml  alcohol  was  distilled  off  from  the  filtrate.  On  cooling  there  was  Isolated  1.76  g  (74*7))  1.2-anthra" 
quinonedloxime  with  m.p.  18?  (decomp.).  Compound  (V)  Is  formed  on  boiling  with  alkali  solution;  m.p.  175.5- 
176*  (from  aqueous  acetone). 

Found  *7i  C  70.56;  H  4.08;  N  11. 68.  Ci4Hio02N2.  Calculated  *7t  C  70. 58;  H  4. 23;  N  11. 76. 

Bisulfite  compound  of  l,2-anthra-(3',4’)-furazan  (IV).  1.2  ml  1*7) sodium  carbonate  solution  was  run  into 
a  boiling  solution  of  the  sodium  salt  of  (II)  in  9  ml  water.  A  precipitate  quickly  came  down  from  the  darkened 
solution.  Bolling  was  continued  6  hr,  after  which  a  sample  of  the  reaction  mass  ceased  to  give  a  coloration  with 
ferric  chloride.  At  the  end  of  the  heating,  the  masswas  diluted  with  15  ml  water,  heated  5  min  at  90",  and 
filtered.  The  insoluble  portion  was  (V)  (m.p.  175-175.6’);  yield  0.28  g  (10*7)).  Addition  of  5  g  sodium  chloride 


to  the  filtrate  led  to  separation  of  3.3  g  of  sodium  salt  of  (IVXabout  70%).  Colorless,  rectangular  plates  (from 
alcohol),  crumbles  on  drying  at  above  100*.  The  compound  does  not  give  a  coloration  with  ferric  chloride; 
easily  soluble  In  water,  less  soluble  In  alcohol.  In  presence  of  alkali  it  splits  off  sulfite  and  changes  Into  (V). 

Found  %  H,0  14.33  (dried  at  13(r);  C  51.62;  H  2.98;  N  8.45;  Na  6.13.  Ci4H,04N,SNa  •  3H,0. 

Calculated  %  H,0  14.29;  Na  6.98.  Ci4H,04N2SNa.  Calculated  %t  C  51.85;  H  2.79;  N  8.64. 

1.2-Anthra-(3*,4*)-furoxan  (VI).  4.76  g  of  (III)  was  stirred  15  min  at  90*  with  80ml  15% nitric  acid. 

After  cooling,  the  precipitate  was  filtered,  washed  with  water  until  neutral,  and  dried  at  80*.  Yield  4.72  g 
(quantitative),  m.p.  173-17^.  Long  lemon-yellow  needles  (from  aqueous  acetone),  m.p.  175.9-176.2’.  A 
mixture  with  (V)  melts  at  150*.  The  compound  does  not  give  a  coloration  with  ferric  chloride;  It  Is  Insoluble 
In  water,  acids  and  alkalies,  sparingly  soluble  in  alcohol  and  benzene,  more  easily  soluble  in  acetone  and  pyridine. 
Sublimes  In  vacuo  at  170-180*  (5  mm). 

Found  %  C  71.00;  H  3.55;  N  11.88.  C^HgOiNj  Calculated  %  C  71. 18;  H  3.41;  N  11.86. 

Bisulfite  compound  of  l,2-anthra-(3’,4’)-furoxan  (VII).  A  solution  of  59.4  g  sodium  salt  of  (II)  In  300  ml 
water  was  poured  Into  150  ml  40%  nitric  acid  at  60*  In  the  course  of  15  min.  The  mass  was  heated  to  90*, 
stirred  at  this  temperature  15  min,,  and  filtered  from  the  small  quantity  of  precipitate  (1.8  g).  Vacuum  sublima¬ 
tion  of  the  precipitate  at  180-200*  (5  mm)  followed  by  recrystalllzatlon  from  acetone  gave  lemon-yellow  needles 
with  m.p.  175.5-176*.  A  mixture  with  (VI)  melted  at  175.5-17^. 

To  the  filtrate  was  added  100  g  sodium  chloride;  after  20  hours  the  precipitate  was  filtered,  washed  until 
neutral  with  15%  sodium  chloride  solution,  then  with  alcohol  and  ether,  and  recrystallized  from  3  times  the 
quantity  of  water.  Yield  of  sodium  salt  of  (VII)  45. 2  g  (80%)  Colorless,  rectangular  plates  (from  water), 
easily  soluble  In  water,  poorly  soluble  In  alcohol  The  compound  Is  stable  in  neutral  and  acid  media  and  does 
not  lose  bisulfite  when  boiled  with  15%  nitric  acid. 

Found  %  HjO  9.64  (dried  at  13(r );  C  49.41;  H  2.80;  N  8  14;  Na  6. 10.  Ci4H^5N2SNa  •  2HjO.  Calculated  %( 

HjO  9.58;  Na  6.11.  Ci4H,05N2SNa.  Calculated  %:  C  49  41;  H  2. 67;  N  8. 23. 


SPECTROSCOPY 

Solutions  In  alcohol  with  concentrations  of  10"^  and  0.25  •  10"^  mole/ liter  were  used  for  spectroscopic 
examination  with  the  SF-4  spectrophotometer  at  Intervals  of  5  rnjjj. 


SUMMARY 

1.  Treatment  of  the  bisulfite  compound  of  l-nltroso-2-anthrol  with  hydroxylamlne  converts  It  Into  the 
bisulfite  compound  of  1,2-anthraquinonedloxlme;  reduction  with  stannous  chloride  gives  1  amlno-2-anthrol-4- 
sulfonlc  acid. 

2.  The  structure  of  the  bisulfite  compound  of  l-nItroso-2-anthrol  corresponds  to  the  formula  of  2-oxo- 
1-hydroxylimlno-l, 2, 3,4-tetrahydroanthracene-4 -sulfonic  acid. 

3.  Depending  on  the  conditions,  the  bisulfite  compound  of  1,2-anthraquInonedloxime  is  converted  in 
an  alkaline  medium  Into  1,2-anthraquinonedloxlme,  the  bisulfite  compound  of  l,2-anthra-(3',4*)-furazan  or 

1.2- anthra-(3’4’)-furazan. 

4.  Oxidation  of  1,2-anthraqulnonedloxlme  and  its  bisulfite  compound  with  nitric  acid  gives. respectively, 

1.2- anthra-  (3',4')-furoxan  and  the  bisulfite  compound  of  l,2-anthra-(3',4’)-furoxan. 
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HYDROXY  DERIVATIVES  OF  ANTHRACENE 

III.  TRANSFORMATIONS  OF  THE  BISULFITE  COMPOUND  OF  1.2-ANTHRA-(3’4')-FUROXAN 
S.  V.  Bogdanov  and  M.  V.  Gorelik 

Voroshilov  Scientific  Research  Institute  for  Organic  Intermediates  and  Dyes 


Investigations  in  the  l,2-naphtho-(3’,4')-furoxan  seriesfl]  established  that  in  an  alkaline  medium  the 
bisulfite  compound  of  l,2-naphtho-(3’,4’)-furoxan  rearranges  to  2-nitro-l-naphthylamine-4-sulfonic  acid  and 

1.2- naphthoquinonedioxime-4-sulfonic  acid.  The  similarity  in  chemical  properties  of  the  bisulfite  compounds 
of  hydroxy  derivatives  of  anthracene  and  naphthalene  [2,3]  led  one  to  expect  that  the  bisulfite  compound  of 

1.2- anthra-(3',4’)-furoxan  would  behave  similarly. 

Experiments  indeed  showed  that  the  bisulfite  compound  of  l,2“anthra-(3',4’)-furoxan(I)  is  converted  by 
alkali  into  2-nltro-l-anthramlne-4-sulfonic  acid  (II),  l,2-anthraquinonedloxIme-4-sulfonIc  acid  (III)  and  1,2- 
anthra-(3’,4*)-  furoxan  (IV).  The  yield  of  each  compound  is  markedly  dependent  on  the  conditions.  Boiling  V>lo 
sodium  carbonate  solution  converts  (I)  into  90%  (II),  about  4%  (IV)  and  only  a  trace  of  (III);  on  the  other  hand, 

In  boiling  4%  sodium  hydroxide  solution,  the  yield  of  (II)  does  not  exceed  18-20%,  the  yield  of  (IV)  is  3-4%,and 
the  main  product  is  (III).  In  an  alkaline  medium  sulfonic  acids  (II)  and  (III)  easily  undergo  further  transforma¬ 
tions  to  form, respectively.  2-nltro-l-anthrol-4-sulfonIc  acid  (V)  and  l,2-anthra-(3’,4’)-furazan-4-sulfonIc  acid 
(VI).  Compound  (II)  can  therefore  be  isolated  from  sodium  carbonate  solution  only  after  short-period  boiling, 
and  (III)  can  be  isolated  from  sodium  hydroxide  solution  only  at  low  temperature. 

The  sulfonic  acid  (11)  is  dlazotized  by  nltrosylsulfurlc  acid,  and  analysis  shows  that  one  nitro  group  is  pre¬ 
sent.  For  determination  of  the  relative  positions  of  the  amino  and  nitro  groups,  the  sulfo  group  was  eliminated 
by  hydrolysys  with  50%  sulfuric  acid  and  the  2-nItro-l-anthramlne  was  converted  to  2-nltro-l-anthrol  by  boiling 
with  sodium  hydroxide.  Reduction  of  2-nitro-l-anthrol  with  stannous  chloride  gave  2-amlno-l-anthrol, whose 
triacetyl  derivative  was  found  to  be  Identical  with  the  triacetyl  derivative  of  the  amlnoanthrol  prepared  from 
2-nItroso-l-anthrol  [4].  With  the  objective  of  establishing  the  position  of  the  sulfo  group,  (V)  was  treated  with 
stannous  chloride  and  the  amino  compound  was  oxidized  with  chromic  acid.  The  resulting  1,2-anthraquinone- 
4-sulfonlc  acid  was  converted  to  2-methoxy-l,4-anthraquInone ,  which  was  found  to  be  Identical  with  the  2- 
methoxy-l,4-anthraquInone  synthesized  from  1,2-anthraquinone  by  Fleser’s  method  [5]. 

Reduction  of  (II)  with  tin  chloride  leads  to  l,2-anthradiamlne-4-sulfonlc  acid;  oxidation  of  the  latter  with 
selenium  dioxide  gives  l,2-anthra-(3*,4')- selenodiazole-4-sulfonic  acid.  The  analogous  synthesis  of  1,2-anthra- 
(3’,4*)-selenodiazole-4-sulfonic  acid  from  (III)  is  proof  of  the  orientation  of  the  functional  groups  in  the  latter 
compound.  The  presence  of  the  orthoquinonedioxime  grouping  is  confirmed  by  the  ability  of  (III)  to  give  a  color¬ 
ation  with  ferric  chloride,  to  change  under  the  action  of  alkalies  or  dehydrating  agents  (acetic  anhydride)  into 

1.2- anthra-(3’,4’)-furazan-4-sulfonic  acid  (VI),  and  to  change  on  oxidation  with  nitric  acid  into  1,2-anthra- 
(3',4')-furoxan-4-sulfonic  acid. 


The  structure  of  (III),  (VI)  and  l,2-anthra-(3’,4’)-furoxan-4-sulfonic  acid  Is  also  confirmed  by  their  ultra¬ 
violet  absorption  spectra  (Fig.  1)  which  are  similar  to  those  of  1,2-anthraqulnonedioxime,  l,2-anthra-(3',4')- 
furazan  and  l,2-anthra-(3',4')-furoxan  [3} respectively.  The  influence  of  the  sulfo  group  is  reflected  in  the 
lower  intensity  of  absorption  and  In  the  displacement  of  the  maxima  by  several  millimicrons  towards  the  longer 
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Scheme  of  Transformations  of  the  Bisulfite  Compound  of  l,2-Anthra-(3*,4’)- 
Furoxan  In  an  Alkaline  Medium 
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Fig.  1.  Absorption  spectra  (in  alcohol).  1)  1,2-anthraquinonedioximer 
4-sulfonic  acid  (III);. 2)  l,2-anthra-(3*,4*)-furazan-4 -sulfonic  acid  (VI); 
3)  l,2-anthra-(3*,4’)-furoxan-4-sulfonic  acid;  4)  1,2-anthraquinone- 
4-sulfonic  acid. 
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waves.  Common  to  the  spectra  of  all  of  the  above-mentioned  compounds  Is  the  strong  absorption  maximum  at 
about  300  mp,  which  Is  characteristic  of  1,2-anthraquInone  [3]  and  l,2-anthraquInone-4-sulfonlc  acid  (Fig.  1, 
curve  4).  The  second  group  of  compounds  —  2-nltro-l-anthramlne,  2-nltro-l-anthrol  and  the  corresponding  4- 
sulfonlc  acids  (Fig.  2)—  are  distinguished  by  a  different  pattern  of  absorption  curves;  the  Introduction  of  the 
sulfo  group  here  heightens  the  Intensity  of  absorption  and  causes  a  very  slight  shift  of  the  maximum  towards  the 
shorter  waves.  We  may  assume,  on  the  basis  of  the  spectrographlc  data,  that  the  compounds  of  the  1st  group 
(Fig.  1)  possess  the  qulnoid-rlng  structure  while  the  compounds  of  the  2nd  group  (Fig.  2)  retain  the  anthracene 
structure.  • 


Fig. 2.  Absorption  spectra  in  alcohol.  1)  2-nitro-l-anthrol;  2)  2-nitro- 
l-anthrol-4-sulfonic  acid  (V);  3)  2-nitro-l-anthramine;  4)  2-nitro-l- 
anthramine-4-sulfonic  acid  (II). 


Formation  of  2-nltro-l-anthramlne-4-sulfonlc  acid  (II)  from  the  bisulfite  compound  of  l,2-anthra-(3’,4’)- 
furoxan  (I)  shows  that  the  oxygen  atom  which  Is  not  common  to  the  nitrogen  atoms  of  the  furoxan  ring  Is  at¬ 
tached  to  the  nitrogen  linked  to  the  second  carbon  atom  of  the  anthracene  ring  Since  the  position  of  this  oxygen 
atom  In  l,2-anthra-(3’,4’)-furoxan  Itself  has  not  been  established,  formula  (IV)  Is  used  arbitrarily. 


EXPERIMENTAL 

2-Nttro-l-anthramlne-4-sulfonlc  acid  (II).  10  ml  10%  sodium  carbonate  was  rapidly  run  Into  a  boiling 
solution  of  15.04  g  sodium  salt  of  (I)  in  90  ml  water,  and  the  mass  was  cooled  to  23*  in  the  course  of  2  min. 

25  g  sodium  chloride  was  then  added;  after  cooling  to  0*,  the  precipitate  was  filtered  and  washed  with  50  ml 
10%  sodium  chloride  solution  and  then  with  alcohol  and  ether  (10.9  g,  precipitate  a).  The  filtrate  and  the  first 
20  ml  of  washings  were  boiled  1.5  hr.  and  the  cooled,  yellowish -grey  substance  was  filtered  (0.52  g,  precipitate 
b).  After  acidification  of  the  solution  with  hydrochloric  acid,  a  dark-red  precipitate  came  down  (1.12.  g, 
precipitate  c). 


♦The  authors  thank  E.  S.  Levina  and  L.  G.  Lumer  for  assistance  In  measurement  and  analysis  of  the  ultraviolet 
spectra. 
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Precipitate  a),  containing  (by  analysis)  9. 25of(65. 3*^)  of  amino  compound,  was  dissolved  In  hydro¬ 
chloric  acid  and  filtered  from  the  small  brownish -yellow  residue  (0.48  g,  precipitate  d).  Crystals  came  down 
when  the  hydrochloric  acid  solution  was  cooled,  and  they  were  filtered  and  dried  in  vacuo  over  potassium  hydro¬ 
xide  at  50*.  Yield  of  sulfonic  acid  (II)  8.04  g  (56.  R')^). 

For  analysIisO.4-0.5  g  amino  compound  was  dissolved  In  250  ml  water  and  the  solution  boiled  with  25  ml 
40‘5(>  sodium  hydroxide  until  ammonia  ceased  to  distil  off  (the  ammonia  was  trapped  in  acid).  The  sodium  salt 
of  (V)  was  isolated  after  acidification  of  the  alkaline  solution. 

Addition  of  sodium  nitrite  to  a  solution  of  (II)  in  concentrated  sulfuric  acid  led  to  formation  of  1-diazo- 
2-nItroanthracene-4-sulfonic  acid  which  came  down  as  a  dark-grey  precipitate  when  the  solution  was  poured  on¬ 
to  ice.  The  diazo  compound  is  poorly  soluble  in  water,  does  not  couple  with  2-naphthol-3,6-dIsulfonlc  acid, 
but  gives  a  red  coloration  with  resorcinol  in  sodium  carbonate  solution  Treatment  with  sodium  carbonate 
converts  it  into  l-dIazo-2-anthrol-4-sulfonic  acid,  which  slowly  couples  with  resorcinol  to  form  a  blue  dye. 

Sulfonic  acid  (II)  forms  slender,  orange  needles  (from  a  mixture  of  alcohol  and  hydrochloric  acid),soluble 
in  water  and  alcohol.  It  breaks  down  at  above  lOO*;  It  loses  its  water  of  crystallization  over  phosphorus  pen- 
toxide,  turning  brown  In  the  process;  the  original  color  is  restored  on  standing  In  the  air. 

Found  <^a  C  47.63;  H  4.08;  N  7.79;  S  9  03.  M  353.9  (from  determination  of  ammonia  lost),  363.4 

(vanadometrically)  Cj^HioOgN^S  •  2HjO.  Calculated  %  C  47.41;  H  3.98;  N  7.91;  S  9.05.  M  354.3. 

The  ammonium  salt  Is  obtained  by  treating  the  free  sulfonic  acid  with  ammonium  chloride.  Orange-red, 
bronzing  needles  (from  water),  sparingly  soluble  in  alcohol. 

Found  HjO  5.30  (dried  at  130*);  N  11.92.  Ci4Hi305N3S  HjO.  Calculated Hp  5.08;  N  11.89. 

Recrystallization  of  precipitate  b)  from  water  (with  addition  of  a  drop  of  40*^0  sodium  hydroxide)  gave 
0.23  g  sodium  salt  of  the  sulfonic  acid  (light-yellow  needles).  Sulfochlorlde  with  m.p.  193.5-194*  (from  benzene); 
a  mixture  with  the  sulfochloride  from  (Vl)has  m.  p  193.5-194*. 

Precipitate  c)  was  recrystallized  from  ammonium  chloride  solution  and  from  water;  there  was  obtained 
0.72  g  of  ammonium  salt  of  (V). 

Sublimation  of  precipitate  d)  at  170-190*  (4  mm)  gave  0.4  g  (4. 2%)  of  a  yellow  substance;  needles 
(from  acetone),  m.p.  175.6-176;  m.p.  of  mixture  with  (IV)  175.5-176»’.  l,2-Anthra-(3’,4*)-furazan  was  not 
detected  on  fractional  vacuum  sublimation. 

2-Nitro-l-anthrol-4-sulfonic  acid  (V).  A  solution  of  3.763  g  sodium  salt  of  (I)  in  200  ml  water  was 
boiled  1  hr  with  20  ml  sodium  carbonate  solution.  Addition  was  then  made  of  20  ml  40°^)  sodium  hydroxide 
and  boiling  was  continued  until  ammonia  ceased  to  distil  off.  The  quantity  of  ammonia  corresponded  to  the 
formation  of  90.2%  of  (V).  A  few  milligrams  of  crystalline  substance  came  over  with  the  ammonia  and  was 
identified  as  Impure  l,2-anthra-(3’,4’)-furazan  with  m.p  167-168*;  a  mixture  with  l,2-anthra-(3’,4')-furazan 
melts  at  170-170.5*;  a  mixture  with  (IV)  melts  at  149-150*.  After  completion  of  the  boiling,  the  solution 
was  filtered;  vacuum  sublimation  of  the  water-insoluble  residue  (0.12  g)  gave  0.09  g  of  (IV).  The  filtrate 
was  acidified  with  hydrochloric  acid;  the  precipitate  (3.35  g)  was  filtered,  washed  with  alcohol  and  ether, and 
recrystallized  from  water.  Yield  of  monosodium  salt  of  (V)  3.13  g  (83%).  Fine,  bright-red,  small  needles, 
sparingly  soluble  in  cold  water  and  alcohol 

Found  %  H2O  9.26  (dried  at  130’);  N  3.  69;  Na  6.03.  M  377.8  (titanometric  determination). 

CuHgOjNSNa  •2H2O.  Calculated  %  HjO  9.54;  N3.71;  Na  6.10.  M  377.3. 

The  disodium  salt  of  (V)  was  isolated  on  recrystallization  of  the  monosodium  salt  from  dilute  sodium 
hydroxide  solution;  long,  claret-red  needles,  very  easily  soluble  in  water;  changes  into  the  monosodium  salt  on 
washing  with  alcohol  or  a  sodium  chloride  solution. 

The  ammonium  salt  of  (V)  (prepared  from  the  sodium  salt)  forms  slender,  small,  orange-red  needles 
(from  water),  sparingly  soluble  in  alcohol. 

Found  %  HjO  10.00;  N  7.74.  Ci4Hi20gN2S  •  2H,0  Calculated  %  HjP  9. 67;  N  7.52. 
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2"Nltro-l-anthramlne.  4. 5  g  (II)  was  stirred  5  hr  at  IIS'  In  130  ml  50%  sulfuric  acid.  The  mass  was 
cooled,  poured  Into  100  ml  water  and  filtered  The  precipitate  was  boiled  with  150  ml  1%  ammonia  solution, 
filtered,  and  washed  with  hot  water  Cooling  of  the  ammonlacal  filtrate  and  the  aqueous  washings  led  to 
separation  of  1.2  g  ammonium  salt  of  (II)  (26.7%).  The  water -Insoluble  residue  (1.74  g)  was  heated  with  170 
ml  glacial  acetic  acid,  and  the  boiling  solution  was  filtered  and  poured  Into  water.  Yield  1.37  g  (61.7% 
calculated  on  reacted  sulfonic  acid),  m  p  224-225*.  Sublimation  at  200*  (5  mm)  gave  bright-red,  elongated 
prisms  with  m  p.  231-231.5*  ,  Insoluble  In  water,  poorly  soluble  In  alcohol  and  benzene,  more  soluble  In  chloro¬ 
benzene  and  glacial  acetic  acid. 

Found  %  C  70.54;  H  3.98;  N  12.09  Ci^HioOjN,.  Calculated  %  C  70.58;  H  4.23;  N  11.76. 

2-NItro-l-anthrol.  A  mixture  of  0.4  g  2-nItro-l-anthramlne  and  250  ml  7%  sodium  hydroxide  was 
boiled  4  hr.  The  quantity  of  ammonia  split  off  corresponded  to  formation  of  90%  hydroxy  compound.  The  solu¬ 
tion,  whose  volume  during  boiling  was  maintained  at  about  200  ml,  was  filtered  hot,  and  the  residue  was  washed 
on  the  filter  with  150  ml  hot  water.  To  the  filtrate  and  wash  liquors  was  added  40%  sodium  hydroxide  solution; 
the  resulting  small,  dark-red  needles  of  sodium  salt  of  2-nItro-l-anthrol  were  filtered  and  treated  with  dilute 
acetic  acid.  Yield  0.33  g  (82.3%),  m.p.  199-199.5*.  Sublimation  at  180“  (5  mm)  gave  long,  red  prisms  with 
m.p.  200.5-201*.  Insoluble  In  water,  poorly  soluble  In  alcohol;  dissolves  oh  heating  In  dilute  alkalies  and  In 
glacial  acetic  acid. 

Found  %i  C  70.38;  H  3.69;  N  5.98.  C14H9OJN.  Calculated  %t  C  70.29;  H  3.79;  N  5.85. 

TrIacetyl-2-amIno-l-anthrol.  A  mixture  of  0.2  g  2-nltro-l-anthrol,  10  ml  water,  1  g  stannous  chloride 
and  3  ml  concentrated  hydrochloric  acid  was  boiled  one  hour.  The  pale-yellow  suspension  was  poured  Into  50 
ml  water  and  heated  to  85-90*.  The  solution  was  filtered;  to  the  filtrate  was  added  20  ml  concentrated  hydro¬ 
chloric  acid,  and  the  precipitated  hydrochloride  of  2-amlno-l-anthrol  (needles)  was  filtered  off.  A  mixture 
of  the  dried  compound,  0. 2  g  fused  sodium  acetate  and  4  ml  acetic  anhydride  was  boiled  15  min  and  poured 
Into  water.  The  precipitate  was  collected,  dried,  and  again  treated  with  acetic  anhydride.  Yield  0.12  g. 
Greenish,  rhombic  plates  (from  alcohol),  m.p.  161-162’.  TrIacetyl-2-amino-l-anthrol  prepared  from  2-nltroso- 
1-anthrol  [4]  had  m.p.  160.5-161.5*  (from  alcohol);  a  mixture  of  the  two  substances  melted  at  161-16? 
(according  to  the  literature  [4],  trlacetyl-2-amIno-l-anthrol  melts  at  161*. 

1.2- AnthraquInone-4-sulfonIc  acid  and  2-methoxy-l,4-anthraquInone.  A  mixture  of  1. 1  g  sodium  salt 
of  (V),  25  ml  water,  5  g  stannous  chloride  and  6  ml  concentrated  hydrochloric  acid  was  boiled  20  min.  After 
cooling,  the  precipitate  was  filtered,  washed  with  water  and  stirred  with  60  ml  water.  To  the  suspension  was 
added  20  g  Ice  and  5  ml  10%  chromic  acid  solution.  After  an  hour,  20  g  ammonium  chloride  was  added, and 
the  precipitate  was  filtered  and  dissolved  In  50  ml  warm  water  After  decolorizatlon  of  the  .solution  with  carbon, 
the  red  ammonium  salt  of  l,2-anthraquinone-4-sulfonic  acid  was  again  brought  down  with  ammonium  chloride. 
Yield  0,25  g.  The  compound  was  converted  to  2-methoxy-l,4-anthraquInone  by  Fieser’s  method  [5]  —  treat¬ 
ment  with  methanol  and  concentrated  sulfuric  acid.  Small  yellow  needles  (from  alcohol),  m.p.  216.5-217*. 

For  the  purpose  of  comparison,  l,2-anthraquInone-4-sulfonic  acid  was  prepared  from  1,2-anthraqulnone  [2] 
and  likewise  transformed  into  2-methoxy-l,4-anthraquInone;  a  mixture  of  both  specimens  of  2-methoxy-l,4- 
anthraquinone  melted  at  216. 5-21T  (literature  [5]:  m.p  217*). 

1.2- Anthraquinonedioxlme-4-sulfonIc  acid  (III).  A  mixture  of  15.04  g  sodium  salt  of  (I),  90  ml  water  and 
20  ml  40% sodium  hydroxide  was  stirred  4  hr  at  10-15*.  The  brownish -yellow  precipitate  (0,44  g)  was  filtered 
and  washed  with  water;  when  sublimed  at  170*  (4  mm)  It  gave  0.36  g  (3.8%)  of  (IV)  with  m.p.  174-174.5*.  To 
the  filtrate  and  to  the  first  10  ml  of  wash  water  were  added  12  ml  acetic  acid  and  20  g  sodium  chloride.  After 
cooling  for  20  hr  at  5*,  the  mass  was  filtered  and  the  precipitate  washed  with  50  ml  10%  sodium  chloride  solu¬ 
tion  and  10  ml  water;  It  was  then  dried  in  a  vacuum -desiccator  over  sulfuric  acid.  Recrystalllzatlon  from 
water  gave  7.52  g  (52.7%)  of  sodium  salt  of  (III).  Orange-yellow  needles  (from  water),  easily  soluble  In  alkalies 
and  poorly  soluble  In  alcohol;  gives  a  brown  coloration  with  ferric  chloride  solution. 

Found  %  H2O  9.86  (dried  at  130*);  C  44.69;  H  3.63;  N  7.25.  Cj^HPsNjSNa  •  2H2O.  Calculated  % 

HjO  9.57;  C  44.68;  H  3.48;  N  7.44. 

The  filtrate  from  the  recrystalllzatlon  liquor  was  evaporated  down  and  the  residue  recrystallized  from 
water  to  give  1.4  g  (10%)  sodium  salt  of  (VI). 
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1.2- Anthra-(3*,4*)-furazan-4-sulfonlc  acid  (VI).  a)  A  mixture  of  1.13  g  sodium  salt  of  (III)  and  8  ml  h°}o 
solution  of  sodium  hydroxide  was  heated  1  hr  at  80*.  The  suspension  became  lighter  in  color,  and  a  sample  of 
reaction  mass  acidified  with  acetic  acid  ceased  to  give  a  coloration  with  ferric  chloride.  After  cooling,  the 
precipitate  was  filtered  and  washed  with  alcohol  and  ether.  Yield  of  sodium  salt  of  (VI)  0.95  g  (90%).  Long, 
light-yellow  needles  (from  water),  poorly  soluble  In  alcohol. 

Found  %t  HjO  7.53  (dried  at  130*);  C  48.03,  H  3.05;  N  7.89  Ci4H/34N2SNa  •  1.5HjO.  Calculated  % 

H, 0  7.74;  C  48. 14;  H  2.86;  N  8.02. 

Sulfochloride.  A  mixture  of  1  g  dried  sodium  salt  of  (VI)  with  the  threefold  quantity  of  phosphorus  penta- 
chlorlde  was  heated  1  hr  at  110*,  and  the  sulfochloride  was  separated  by  dilution  of  the  mass  with  Iced  water. 
Yield  0.85  g.  Yellow,  elongated  prisms  (from  benzene),  soluble  in  alcohol  and  chloroform;  m.p.  193. 8-194.  Jf. 

Found  %  N  9.04;  Cl  10.98.  Cj^  HtOjNjSCI.  Calculated  %  N  8.79;  Cl  11. 12. 

b)  A  suspension  of  1. 13  g  sodium  salt  of  (III)  in  15  ml  acetic  anhydride  was  boiled  2.5  hr.  On  cooling, 
the  precipitate  (which  had  a  lighter  color)  was  filtered  and  washed  with  alcohol  and  ether;  It  was  treated 
with  30  ml  boiling  water,  and  the  hot  solution  was  filtered  From  the  filtrate  (after  partial  evaporation)  was 
isolated  0.64  g  (61%)  sodium  salt  of  (VI).  The  Insoluble  residue  was  washed  with  cold  water  and  recrystallized 
from  200  ml  water.  Yellow  plates  (Q 2  g),  insoluble  in  organic  solvents.  The  compound  was  not  investigated. 

c)  A  solution  of  3.763  g  (I)  In  200  ml  water  was  boiled  2  hr  with  20  ml  40%  sodium  hydroxide.  The 
quantity  of  ammonia  that  came  off  corresponded  to  the  formation  of  18. 5%  of  (V).  At  the  conclusion  of  boiling, 
the  alkaline  solution  was  filtered  and  the  residue  washed  on  the  filter  with  water.  Vacuum  sublimation  of  the 
residue  gave  0.09  g  (IV);  acidification  of  the  filtrate  with  hydrochloric  acid  gave  3. 2  g  of  an  orange-red  mixture 
of  substances.  This  mixture  was  dissolved  In  warm,  very  dilute  sodium  hydroxide  and  the  yellow  substance  was 
separated  by  addition  of  sodium  chloride;  acidification  of  the  filtrate  then  gave  the  red  substance.  The  latter 
was  repeatedly  subjected  to  the  same  treatment.  There  was  Isolated  2.13  g  (61%)  of  the  yellow  sodium  salt  of 
(VI)  (sulfochloride),  m.p.  193-194“  and  0.36  g  (10%)red  sodium  salt  of  (V)  (2-methoxy-l,4-anthraquinone, 
m.p.  216-216.5“). 

1.2- Anthra-(3',4*)-furoxan-4-sulfonic  acid.  Into  a  suspension  of  2.26  g  sodium  salt  of  (III)  In  14  ml  water 
at  60*  was  poured  5  ml  55. 7%  nitric  acid,  and  the  mass  was  stirred  10  min  at  90*.  4  g  of  sodium  chloride  was 
then  Introduced,  and  the  cooled  precipitate  was  filtered,  washed  to  neutrality  with  15%  sodium  chloride  solu¬ 
tion,  and  then  washed  with  alcohol  and  ether.  Recrystalllzatlon  from  a  25-fold  quantity  of  water  gave  1.58  g 
(72%)  sodium  salt  of  l,2-anthra-(3’4’)-furoxan-4-sulfonIc  acid.  Elongated,  yellow  plates,  poorly  soluble  In 
alcohol. 

Found  %  HP  7.58  (dried  at  120*);  C  46.11;  H  2.55;  N7.46.  Ci4Hp5N2SNa  •  1.5  HjO.  Calculated  %t 

HjO  7.40;  C  46.03;  H  2.74;  N  7.67. 

1.2- AnthradIamine-4-sulfonlc  acid,  a)  Into  a  suspension  of  2.26  g  sodium  salt  of  (III)  in  40  ml  water  at 
70*  was  poured  a  solution  of  8  g  stannous  chloride  in  12  ml  concentrated  hydrochloric  acid,  and  the  mass  was 
gently  boiled  15  min.  After  cooling,  the  precipitate  (1.53  g)  was  filtered  off,  washed  with  water,  alcohol  and 
ether,  and  reprecipitated  from  sodium  sulfite  solution.  Yield  1. 3  g  (75%).  Fine  yellow  plates.  Insoluble  In 
water  and  alcohol;  the  solutions  in  alkalies  rapidly  turn  brown  when  heated. 

Found  %  N  9.53;  S  11.24  .  C14H12O5N2S.  Calculated  %  N  9.72;  S  11.12. 

b)  1.06  g  compound  (ll)  In  25  ml  water  was  reduced  with  4  g  stannous  chloride  In  presence  of  6  ml  hydro¬ 
chloric  acid  by  the  procedure  used  for  (III).  Yield  of  purified  product  0.62  g  (72%). 

1.2- Anthra-(3',4')-selenodIazole-4-sulfonic  acid.  Into  a  suspension  of  0.8  g  l,2-anthradlamIne-4-sulfonlc 
acid  In  20  ml  water,  heated  to  60*,  was  run  a  solution  of  1  g  selenium  dioxide  in  10  ml  water.  The  mixture  was 
made  alkaline  with  10  ml  40%  sodium  hydroxide  and  the  precipitate  was  filtered,  washed  with  alcohol  and 
ether  and  recrystallized  from  water  Yield  0.96  g  (75%).  Long,  light-yellow  needles,  fairly  difficultly  soluble 
in  water. 

Found  %c  HjO  15.55  (dried  at  150*)  C  36.60;  H  3.14;  N  6.00.  C^HPaNaSSeNa  •  4Hp  Calculated  %t 

HP  15.76;  C  36.77;  H  3.28;  N  6.13. 
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Sulfochlorlde.  A  mixture  of  0.286  g  dried  sodium  salt  of  l,2-anthra-(3’,  4’)-selenodlazole-4-sulfonlc  acid 
and  1  g  phosphorus  pentachlorlde  was  kept  3  hr  at  60*  and  48  hr  at  room  temperature;  it  was  then  diluted  with 
iced  water.  The  precipitate  was  filtered  off,  washed  with  iced  water,  alcohol  and  ether,  and  recrystallized 
from  nitrobenzene.  Yield  0.203  g  (70^X  Yellow,  tetragonal  and  hexagonal  prisms,  fairly  easily  soluble  in  nitro¬ 
benzene,  less  easily  in  benzene  and  alcohol.  The  compound  prepared  from  (III)  had  m.p.  257  (with  decomp.); 
that  prepared  from  (II)  had  m.p.  252.7  (decomp.);  a  mixture  of  the  two  substances  melted  at  257  (decomp.). 

Found  %:  N  7.35;  Cl  9.36  C ,4H,0,N,SSeCl  Calculated  ofa  N  7.51;  Cl  9.29. 


SPECTROSCOPY 

Solutions  with  concentrations  of  10"^  and  0.25*  10"^  mole/ liter  were  used.  Measurements  were  made 
with  the  SF-4  spectrophotometer  at  intervals  of  5  m^. 

SUMMARY 

1.  In  presence  of  alkalies,  the  bisulfite  compound  of  1,2-anthrafuroxan  rearranges  to  2-nltro-l-anthramlne- 
4-sulfonlc  acid  and  l,2-anthraquinonedioxime-4-sulfonic  acid.  The  former  is  the  main  product  of  reaction  in 
sodium  carbonate  medium;  the  second  is  the  main  reaction  product  in  sodium  hydroxide. 

2.  2-Nitro-l-anthramlne-4-sulfonic  acid  is  converted  by  hot  SO*?!*  sulfuric  acid  into  2-nltro-l-anthramine; 
alkalies  convert  it  to  2-nltro-l-anthrol-4-sulfonlc  acid;  stannous  chloride  reduction  leads  to  1,2-anthradiamine- 
4-sulfonlc  acid.  The  latter  is  oxidized  by  selenium  dioxide  to  l,2-anthra-(3’,4’)-selenodiazole-4-sulfonic  acid. 

3.  Oxidation  of  l,2-anthraquinonedioxime-4-sulfonlc  acid  with  nitric  acid  yields  l,2-anthra-(3',4')- 
furoxan-4-sulfonlc  acid;  alkalies  or  acetic  anhydride  convert  the  former  into  l,2-anthra-(3’,4')-furazan-4- 
sulfonic  acid;  reduction  with  stannous  chloride  leads  to  l,2-anthradiamine-4-sulfonic  acid. 
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THE  CONDENSATION  OF  T  RI A  M I  NOP  YRIDO  [  2 , 3 -d  ]  T  H I A  Z  OLE 
WITH  CARBOXYLIC  ACIDS 

S.  G.  Fridman 

Institute  of  Organic  Chemistry  of  the  Academy  of  Sciences  of  the  Ukrainian  SSR 


In  the  preceding  work  we  described  the  synthesis  of  2,5.6-trlamlnopyrIdo[2,3-d]thIazole  (A)  and  the 
products  of  Its  condensation  with  a-dicarbonyl  compounds  [1],  The  objective  of  the  present  work  was  to  pre¬ 
pare  the  products  of  condensation  of  2,5,6-trIamlnopyrIdo[2,3-d]thIazole  with  carboxylic  acids. 

Condensation  of  o-dlamino  derivatives  of  the  aromatic  and  heterocyclic  series  with  carboxylic  acids  leads 
to  formation  of  compounds  containing  the  Imidazole  ring.  It  Is  well  known  that  the  amino  group  In  the  3  position 
of  pyridine  reacts  more  readily  than  the  amino  group  In  the  2  position;  we  could  therefore  assume  that  condensa¬ 
tion  of  2,5,6-trIamInopyridof2,3-d]thIazole  (A)  with  carboxylic  acids  would  lead  to  derivatives  of  ImIdazo[5,6-d] 
pyrido  f2,3-dlthiazoleof  structure  B. 


NllgC  I  I  +  RCOOH 
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The  resulting  tricyclic  condensed  heterocyclic  system  contains  the  Imidazole  nucleus.  At  the  present 
time  various  condensed  heterocyclic  systems  containing  pyrazine  and  Imidazole  rings  are  engaging  the  attention 
of  chemists.  Imldazof4,5-b]pyrIdazInes  [2],  lmIdazo[4,5-b]pyrazlnes  [3],  etc.  have  been  described  in  the  litera¬ 
ture.  The  Imidazopyridothiazoles  reported  In  the  present  work  were  previously  unknown 

In  1928  Phillips  [4]  proposed  a  convenient  method  of  preparation  of  benzimidazole  derivatives  ,  consisting 
in  heating  of  o-phenylenediamine  with  aliphatic  carboxylic  acids  In  solution  In  4  N  hydrochloric  acid  for  45 
min.  Aromatic  acids  do  not  enter  Into  the  condensation  reactions  under  these  conditions.  B.  A.  Poral-Koshlts 
and  co-workers  showed  [5]  that  hydrochloric  acid  catalyzes  the  closure  of  the  Imidazole  ring.  By  heating 
o-phenylenedlamlne  with  carboxylic  acids  in  dilute  hydrochloric  acid  at  180*  In  sealed  tubes,  these  authors  suc¬ 
ceeded  In  bringing  aromatic  carboxylic  acids  Into  reaction  and  In  obtaining  the  corresponding  benzimidazole 
derivatives  in  good  yields.  It  was  recently  found  that  polyphosphoric  acid  Is  a  good  condensing  medium  which 
enables  the  preparation  not  only  of  2-alkyl  but  also  of  2-aryl  derivatives  of  benzimidazole  In  very  good  yields  [6]. 

By  heating  2,5,6-trlamlnopyrIdo  [2,3-d]  thiazole  with  aliphatic  carboxylic  acids  In  15%  hydrochloric 
acid  for  2-3  hr.  It  Is  possible  to  obtain  the  corresponding  alkyl  derivatives  of  lmldazo{5,6-d]pyrldo[2,3-d]thIazole. 
Benzoic,  mandelic  and  phenylacetlc  acids  do  not  undergo  condensation  under  these  conditions. 
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Derivatives  of  Imidazo  [5,  6-dl  Pyrido  f2,3-d]  thiazole 


The  starting  2,5,6- trIaminopyrido[2,3-d]thiazole  has  been  described  previously  [1] 


2-Amino-lmIdazof5,6-dlpyrldo(2,3-d]thIazole  (I),  a)  0. 54  g  2,5,6-triainInopyrldo[2,3-d]thiazole  was 
boiled  2  hr  in  5  ml  80%  formic  acid.  The  excess  of  formic  acid  was  taken  off  in  the  vacuum  of  a  water-jet 
pump  during  heating  on  a  water  bath.  The  dry'resldue  was  suspended  in  water,  treated  with  aqueous  ammonia 
solution  until  alkaline,  filtered,  washed  with  water,  alcohol  and  ether,  and  dried.  Weight  of  precipitate  0.4  g. 
Colorless  needles,  not  melting  on  heating  to  360’  (after  recrystallization  from  water).  The  aqueous  and  alcoholic 
solutions  fluoresce  in  light. 

Preparation  (II)  was  similarly  obtained  by  boiling  triaminopyrldothlazole  with  excess  of  acetic  acid. 

b)  A  mixture  containing  0.54  g  2.5,6-triaminopyrldo[2,3-d]thlazole,  0.5  ml  80%  formic  acid  and  20  ml 
15%  hydrochloric  acid  was  boiled  2  hr.  The  colored  solution  was  decolorized  with  carbon,  and  the  filtrate  was 
neutralized  with  ammonia  solution.  The  resulting  precipitate  was  filtered  and  washed  with  water,  alcohol  and 
ether.  Weight  of  precipitate  0.32  g.  It  was  recrystallized  from  water.  Colorless  needles  whose  analysis  and 
absorption  curve  fully  identified  it  with  the  preparation  obtained  by  method  a). 

Preparations  II  to  VII  were  similarly  obtained  by  boiling  of  0.54  g  (0.003  mole)  2,5,6-trlamlnopyrido[2,3-d] 
thlazole  in  20  ml  15%  hydrochloric  acid  with  0.004  mole  acetic,  propionic,  butyric,  isobutyric,  lactic  and 
glycolic  acids  (see  table).  The  products  of  condensation  with  butyric  and  isobutyric  acids  crystallize  badly  from 
water  and  alcohol  since  solutions  of  the  free  bases  darken  on  standing  and  deposit  dark-colored  solids.  For 
analysis  they  were  purified  by  recrystalllzatlon  of  the  hydrochlorides  from  dilute  hydrochloric  acid,  and  the  free 
bases  isolated  from  these  salts  were  recrystallized  once  from  water 

2-Amino-6-hydroxy-Imidazo[5.6-d]thiazole  (VIII).  A  well- triturated  mixture  of  0.54  g  triaminopyrldo¬ 
thlazole  and  0.5  g  urea  was  heated  on  a  paraffin'wax  bath  at  130-140’  for  30  min  The  initial  liquid  mass  later 
solidified.  After  cooling,  it  was  triturated  with  2%  sodium  hydroxide  solution  and  treated  with  carbon.  The 
colorless  filtrate  was  acidified  with  2%  acetic  acid  solution  and  treated  with  carbon.  The  colorless  filtrate  was 
acidified  wltti  2%  acetic  acid  solution.  The  yellow,  amorphous  precipitate  was  filtered,  and  washed  with  water, 
alcohol  and  ether.  Yield  quantitative  The  product  does  not  melt  when  heated  to  320’.  For  analysis  it  was 
recrystallized  from  2%  sodium  hydroxide  solution.  Red,  colorless  needles  of  the  sodium  salt  came  down  and  were 
filtered,  thorouglily  washed  with  water,  and  dried  Weight  0.45  g. 

2-Amino-6-mercapto-itnidazof  5,6-dlpyrido[2,3-dlthiazole  (IX).  A  mixture  of  0.36  g  2,5,6-triamino- 
pyridof2,3-dlthiazole,  0.5  ml  carbon  disulfide  and  20  ml  70%  alcohol  was  boiled  6  hr  on  a  water  bath.  After 
only  20-30  minutes’  heating,  a  precipitate  commenced  to  come  down.  It  was  filtered,  washed  with  alcohol 
and  ether  and  dried.  Weight  0.4  g.  Insoluble  in  water  and  alcohol,  soluble  in  dilute  alkalies.  It  was  purified 
by  recrystallization  from  ethylene  glycol. 


SUMMARY 

A  number  of  derivatives  of  imidazof  5,6-d]pyrIdo[  2,3-d]thiazole  were  prepared  by  condensation  of  2,5,6- 
triaminopyrido[2,3-dJthiazole  with  aliphatic  carboxylic  acids,  urea  and  carbon  disulfide. 
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THE  REACTION  OF  ACETOPHENONE  WITH  AMMONIA  IN  THE  GAS 


PHASE  IN  THE  PRESENCE  OF  TITANIUM  VANADATE 

A.  D.  Kagarlitskli ,  B.  V.  Suvorov  and  S.  R.  Rafikov 
Institute  of  Chemical  Sciences  Academy  of  Sciences  Kazakh  SSR 


When  aldehydes  and  ketones  react  with  ammonia  in  the  presence  of  a  dehydrating  catalyst, condensation 
reactions  often  take  place,  leading  to  the  formation  of  various  pyridine  bases  which  are  difficult  to  prepare  by 
other  methods.  Chichibabin  f  1]  was  the  first  to  observe  reactions  of  this  type.  Together  with  Panyutin,  Orochko 
and  others  [2,3]  he  obtained  2,4,6-trimethylpyridine  from  a  mixture  of  acetaldehyde,  acetone  and  ammonia  in 
the  presence  of  alumina,  and  2. 6-dimethyl -4-phenylpyrldine  and  a  number  of  other  pyridine  derivatives  from 
acetone  and  benzaldehyde. 

Later,  similar  condensations  were  described  by  other  investigators  [4,5];  in  particular,  it  is  indicated  [6] 
that  2,4.6-trimethylpyridine  can  be  obtained  from  acetone  and  ammonia 

By  analogy  with  the  preparation  of  trimethylpyridine  from  acetone  and  ammonia,  it  would  be  expected  that 
the  ammonolysis  of  acetophenone  would  lead  to  the  formation  of  2,4,6-triphenylpyridine.  The  object  of  the 
present  work  was  to  show  the  possibility  of  this  reaction  taking  place  Fused  vanadium  titanate,  which,  as  pre¬ 
viously  established  [7],  has  auite  good  dehydrating  properties,  was  used  as  the  catalyst. 

The  results  of  the  first  experiments  on  the  ammonolysis  of  acetophenone  showed  that  the  main  reaction 
product  in  this  case  is,  in  fact  2,4,6-triphenylpyridine.  The  maximum  yield  was  obtained  with  a  feed  of  130  g 
of  catalyst  per  liter  of  acetophenone  over  a  period  of  1  hour,  a  5 -10-fold  excess  of  ammonia  above  the  theoretic 
al  and  a  contact  time  of  about  6  seconds. 

As  may  be  seen  from  Fig.  1,  which  gives  the  results  of  one  of  the  series  of  experiments  carried  out  under 
these  conditions,  the  yield  of  2,4,6-triphenylpyridine  at  370-380“  was  35*70  01  the  initial  acetophenone  introduced 
and  up  to  98%  of  the  reacted  acetophenone.  At  400"  and  above,  its  yield  decreased  as  the  result  of  cracking 
reactions  which  were  accompanied  by  the  formation  of  low-molecular  products.  In  the  experiments  carried  out 
at  temperatures  below  350"  it  was  found  that  tarry  products  were  deposited  on  the  surface  of  the  catalyst,  as  a 
result  of  which  its  activity  was  reduced.  It  was  established  that  in  this  case  the  activity  of  the  catalyst  can  be 
fully  restored  by  injecting  air  at  temperatures  of  the  order  of  400". 


EXPERIMENTAL 

The  reaction  was  carried  out  in  an  apparatus  of  the  throughflow  type,  previously  described  ( 7].  The  ca¬ 
talyst  was  prepared  by  fusing  titanium  dioxide  and  vanadium  pentoxide  in  amounts  corresponding  to  the  formula 
TI(V03)4.  The  initial  acetophenone  had  an  m.p.  of  19.5"  a  b.p.  of  19?  (690  mm),  d4^’’  1.024,  np^**  1.5341.  The 
ammonia  was  fed  to  the  reactor  from  a  cylinder,  its  rale  of  feed  being  regulated  by  a  rheometer. 

The  reaction  products  were  collected  in  a  2-liter  flask,  well  cooled  with  Ice,  connected  to  a  reflux  con¬ 
denser.  After  the  completion  of  the  experiment  the  oily  layer  was  separated  from  the  aqueous  layer,  washed 
with  a  5%  solution  of  alkali  and  with  distilled  water.  The  product  obtained  was  dried  over  calcined  sodium 
sulfate  and  the  unreacted  acetophenone  was  distilled  from  it.  The  b.p.  was  197-198*  (690  mm),  1.5344. 
After  recrystallization  from  boiling  ethyl  alcohol  the  undistilled  residue,  2,4,6-triphenylpyrIdine,had  an  m.p.of 
138-13?. 
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Found  C  89.87;  H  5.66;  N  4.97.  CjjHjtN.  Calculated  C  89.90; 
H  5.53;  N  4.56. 

Trlphcnylpyrldlne  plcrate  melted  at  190*. 

To  prove  the  structure  of  the  product  obtalned.pure  2,4,6-trl- 
phenylpyrldine  was  prepared  In  accordance  with  literature  data  [8,  9]. 

The  product  obtained  had  an  m.p.  of  138*.  Its  picrate  melted  at  190*. 

A  mixed  melt  of  the  synthesized  2,4,6-triphenylpyridine  and  the 
product  obtained  by  ammonolysis  melted  at  13jr.  A  mixed  melt  of  the 
picrates  of  both  samples  of  2,4,6-trlphenylpyridlne  also  showed  no  de¬ 
pression  of  the  melting  point. 

SUMMARY 

The  reaction  of  die  vapor-phase  ammonolysis  of  acetophenone  in 
the  presence  of  titanium  vanadate  catalyst  at  350-43?  was  investigated. 
The  main  product  of  this  reaction  is  2,4.6-triphenylpyridine  which 
under  optimum  conditions  Is  obtained  with  a  yield  of  up  to  35<^  of  the 
acetophenone  fed  to  the  reactor  and  up  to  98%  of  die  reacted  aceto¬ 
phenone. 
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Temperature 

Fig.  1.  The  ammonolysis  of  aceto¬ 
phenone  in  the  presence  of  titanium 
vanadate  catalyst: 

1)  2,4,6-triphenylpyrldlne;  2) 
acetophenone;  3)  sum  of  the  reac  - 
tlon  products. 
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THE  OXIDATION  OF  ORGANIC  COMPOUNDS 


XIX.  THE  LIQUID-PHASE  CATALYTIC  OXIDATION  OF 
p-XYLENE  BY  MOLECULAR  OXYGEN 

L.  G.  Manukovskaya,  B.  V.  Suvorov  and  S.  R.  Rafikov 

Institute  of  Chemical  Sciences  Academy  of  Sciences  Academy  of  Sciences 
Kazakh  SSR 


The  oxidation  of  alkylbenzenes  by  molecular  oxygen  Is  one  of  the  most  convenient  methods  of  synthesizing 
valuable  oxygen -containing  aromatic  compounds.  At  the  present  time,  acetophenone  and  methylphenylcarblnol 
are  obtained  from  ethylbenzene  [1],  cumene  hydroperoxide  from  cumene  [2],  p-tert  -butylbenzolc  acid  from  p- 
tert  -butyltoluene  [3],  etc.,  by  this  method. 

In  recent  years  particular  attention  has  been  paid  to  the  develop¬ 
ment  of  an  analogous  method  for  the  synthesis  of  tetraphthallc  acid 
from  p -xylene.  The  most  economical  method  was  found  to  be  a  four- 
stage  process  [4].  However,  In  spite  of  the  fact  that  the  liquid -phase 
catalytic  oxidation  of  p-xylene  was  studied  by  many  Investigators  [5-8] 
and  that  there  Is  a  description  of  a  technological  system  of  the  process 
In  literature  [4], certain  problems  concerning  the  reaction  mechanism 
remain  obscure.  In  particular,  the  reaction  mechanism  of  the  catalyst 
was  not  studied,  the  relationship  between  the  reaction  velocity  and  tlie 
yield  of  the  oxidation  products  and  the  concentration  of  the  catalyst 
was  not  Investigated  and  no  data  are  available  on  the  character  and 
order  of  the  oxidative  conversions  of  p-xylene  Itself,  etc.  The  object 
of  this  Investigation  was  to  clarify  some  of  these  problems. 

By  means  of  Initial  experiments  it  was  established  that  without 
a  catalyst  the  oxidation  of  p-xylene  takes  place  extremely  slowly, 
negligible  quantities  of  aromatic  acids  being  formed.  The  oxidation 
5  7  9  11  also  takes  place  very  slowly  in  the  presence  of  cobalt  acetate  at  a 

duration  of  the  experimentfln  hrs)  temperature  below  130".  All  the  experiments  subsequently  described 

r  i  were,  therefore,  carried  out  with  a  catalyst  at  133—  3?. 

Fig.  1.  The  influence  of  the  dura-  ' 

tion  of  the  experiment  on  the  process  Fig.  1  gives  the  results  of  two  series  of  experiments  with  0.1*70 

of  the  oxidation  of  p-xylene  In  the  cobalt  acetate,  carried  out  in  order  to  study  the  influence  of  the  dura- 

presence  of  0.  l<7o  (a)  and  l*7o  (b)  cobalt  tion  of  the  experiment  on  the  process  of  the  oxidation  of  p-xylene. 

acetate:  As  may  be  seen  from  Fig.  1,  in  both  series  of  experiments  the  main 

I)  p-  tolulc  acid;  II)  terephthalic  direction  of  the  reaction  was  the  Incomplete  oxidation  of  p-xylene, 

acid;  III)  water.  accompanied  by  the  formation  of  aromatic  acids,  regardless  of  the 

amount  of  catalyst.  The  maximum  yield  of  aromatic  acids  was  60<7o 
(calculated  on  the  p-xylene  taken)  and  the  amount  of  moisture  liberated  approximately  corresponded  to  the 
equation 

R— CH3  +  IV2  O2  -►  R— COOH  +  IlaO. 
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The  main  reaction  product  was  p-toluic  acid.  In  the  ex¬ 
periments  with  0, 1^0  cobalt  acetate  the  yield  of  this  compound 
was  53.5%  (on  the  p-xylene  taken).  When  l%of  this  catalyst 
was  used, the  yield  of  p-toluic  acid  was  somewhat  less.  With 
increasing  duration  of  the  experiments, the  ratio  between  the 
yields  of  p-toluic  and  terephthalic  acids  decreased.  This  indicates 
that  the  rate  of  conversion  of  p-tolulc  acid  to  terephthalic  acid 
increased  in  the  course  of  time.  In  spite  of  this,  however,  even 
8-10  hours  after  the  commencement  of  the  experiment  not  more 
than  5-8%  terephthalic  acid  was  obtained. 

Small  amounts  of  phenols,  formaldehyde  and  carbon 
dioxide  were  obtained;  the  yield  of  the  two  latter  did  not  exceed 
0,02-0.05  mole  per  mole  of  initial  substance  taken. 

The  oxidation  of  p-xylene  did  not  take  place  uniformly. 
Observations  of  the  moisture  liberated  during  the  reaction  show 
that  oxidation  took  place  with  spontaneous  acceleration  In  the 
first  1-1.5  hours.  90-120  minutes  after  the  commencement- of 
the  experiment  the  velocity  of  the  reaction  had  reached  a  maxi¬ 
mum,  after  which  It  gradually  decreased.  To  illustrate  what  has 
been  said.  Fig.  2  shows  the  results  of  determinations  of  the  rate 
of  liberation  of  moisture  In  one  of  the  experiments  with  0. 1% 
cobalt  acetate.  This  diagram  also  shows  the  variation  of  the 
content  of  peroxide  compounds  during  the  experiment.  It  is 
characteristic  that  the  maximum  formation  of  peroxides  also  takes  place  during  the  second  hour  after  the  com¬ 
mencement  of  the  experiments. 

From  the  data  given  It  is  seen  that  the  liberation  of  moisture  ceased  almost  completely  7-6 hours  after  the 
commencement  of  the  experiment.  By  this  time  the  content  of  acids  in  the  reaction  mixture  had  reached  a 
maximum  and  the  reaction  had  almost  finished.  The  amount  of  catalyst  did  not  have  an  appreciable  influence 
on  the  duration  of  the  process  but  It  did  affect  the  yield  of  acids. 

It  should  be  noted  that  although  the  majority  of  investigators  suggest  the  use  of  cobalt  catalyst  (in  the 
form  of  salts  of  organic  acids)  for  the  liquid -phase  oxidation  of  p-xylene.  the  data  of  various  authors  on  the 
optimum  amount  of  this  substance  differ  markedly.  Very  varied  amounts  are  recommended,  from  0.002  to  1% 
metal,  calculated  on  the  p-xylene  taken  [9-11]. 

With  the  object  of  a  more  detailed  Investigation  of  the  Influence  of  the  concentration  of  catalyst  on  the 
process  of  the  oxidation  of  p-xylene. we  carried  out  experiments  in  which  the  amount  of  cobalt aoetate  introduced 
varied  from  0.001  to  3%  The  results  of  these  experiments,  given  in  Fig.  3  and  Table  1,  show  that  the  variation 
of  the  amount  of  catalyst  Is  reflected  primarily  on  the  velocity  of  the  reaction.  The  maximum  rate  of  oxidation 
of  p-xylene  was  recorded  with  0. 1%  catalyst.  The  maximum  yield  of  acids  was  obtained  in  the  same  experiments. 
With  decreasing  or  increasing  amount  of  catalyst, the  reaction  velocity  and  the  yield  of  acids  decreased.  A  similar 
relationship  Is  shown  in  the  ratio  of  p-phthalic  and  terephthalic  acids  which  characterizes  the  extent  of  oxidation 
of  the  p-xylene.  With  an  Increasing  amount  of  catalyst  from  0.006%,the  relative  content  of  terephthalic  acid 
increased  and  reached  a  maximum  with  1%  cobalt  acetate  (at  the  same  time  the  ratio  of  the  yields  of  p-toluic 
and  terephthalic  acids  was  5.8-6. 2).  In  experiments  with  3%  catalyst,  however,  the  oxidation  of  p-toluic  acid 
to  terephthalic  acid  took  place  extremely  slowly  and  the  ratio  between  the  yields  of  the  acids  was  the  same  as 
with  0,01%  cobalt  acetate. 

An  association  of  a  different  character  is  found  between  the  amount  of  catalyst  and  the  duration  of  the 
induction  period.  The  inverse  relationship  applying  In  the  given  instance  was  preserved  throughout  the  entire 
range  of  the  investigated  concentrations  of  the  catalyst.  The  Induction  period,  which  with  low  amounts  of  cobalt 
acetate  is  very  long,  gradually  decreased  with  increasing  concentration  of  catalyst. and  in  the  experiments  with 
1-3%  catalyst  it  was  practically  absent. 


0.1Z 


E  « 

O  X 

\o.os 

E  « 

o  o 

aj-o 
2  E 


duration  of  the  experiments  (In  hrs) 


Fig.  2.  Rate  of  formation  of  moisture  and 
the  content  of  p -xylene  hydroperoxide 
during  die  oxidation  of  p-xylene  in  the 
presence  of  0, 1%  cobalt  acetate: 

I)  p-xylene  hydroperoxide;  II)  water. 
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amount  of  catalyst  (as  %) 

Fig.  3.  Relationship  between  the  yield  of  the  main  oxidation  products 
of  p -xylene  and  the  concentration  of  catalyst; 

I)  p-  toluic  acid;  II)  terephthalic  acid;  III)  water. 


Influence  of  the  Amount  of  Catalyst  on  the  Oxida-  Under  the  given  conditions,  the  minimum 

tion  of  p-Xylene  (Reaction  Temperature  133-135",  permissible  concentration  of  cobalt  acetate  is  evi- 

Duration  of  the  Experiment  8  Hours)  dently  0.005-0.006%  (0.00004  g-at  of  cobalt  per 

mole  of  p -xylene)  because  with  a  lesser  amount  of 
catalyst  the  reaction  velocity  and  the  yield  of  acids 
were  extremely  low  and  the  induction  period  in  the 
experiment  with  0.001%  catalyst  lasted  more  than 
10  hours.  It  must  be  noted,  however,  that  even  with 
low  amounts  of  catalyst  the  oxidation  of  p -xylene 
can  be  intensified  by  the  introduction  of  certain 
readily  oxidizable  substances  Into  the  reaction  mix¬ 
ture.  For  example,  in  the  experiments  with  0.006% 
cobalt  acetate  we  succeeded  In  raising  the  total 
yield  of  acids  from  20  to  33%  by  the  addition  of  1% 
p -toluic  aldehyde,  the  reaction  taking  place  in  this 
instance  without  an  Induction  period  and  at  a  lower 
temperature  than  usual  (at  120").  The  optimum 
amount  of  cobalt  acetate  required  for  the  oxidation 
of  p-xylene  under  the  given  conditions  is,  therefore, 
between  0.05  and  0.20%  The  existence  of  limiting 
concentrations  of  catalyst  can  be  explained  from  the 
aspect  of  the  theory  of  chain  processes.  With  a  small 
amount  of  catalyst  the  number  of  chains  It  can  produce  is  small  and  the  rate  of  oxidation  is  low.  With  increasing 
concentration  of  catalyst,  the  number  of  chains  increases  but  the  probability  of  their  rupture  as  a  result  of  the 
reaction  of  the  catalyst  with  the  free  radicals  of  the  oxidized  substance  also  Increases.  In  consequence,  the 
length  of  the  chains  decreases  and  the  general  reaction  velocity  therefore  falls,  passing  through  a  maximum. 

In  all  the  above -described  experiments  the  reaction  ceased  spontaneously  as  a  result  of  the  presence  of 
unreacted  p-xylene  in  the  reaction  zone.  Its  amount  depended  on  the  concentration  of  the  catalyst,  the  reaction 
temperature,  the  rate  of  admission  of  oxygen  and  other  factors.  Even  under  optimum  conditions,  however,  not 
more  than  62-65%  of  the  initial  substance  taken  was  oxidized.  Fig.  4  gives  the  results  of  certain  experiments 
which  we  carried  out  to  find  out  the  causes  of  this  phenomenon.  In  one  of  these, the  influence  of  repeated  ad¬ 
ditions  of  catalyst  was  Investigated.  The  reaction  was  commenced  with  0.01%  cobalt  acetate.  The  first  additional 
amount  of  catalyst  (also  0.01%)  was  only  Introduced  into  the  reaction  mixture  after  the  period  of  retardation  of 
oxidation  had  commenced.  From  Fig.  4  It  Is  seen  that  the  rate  of  liberation  of  moisture  showed  a  certain  in¬ 
crease  soon  after  the  addition  of  the  catalyst;  after  a  certain  period,  however,  it  decreased  again  without  reaching 
the  former  value.  A  similar  picture  was  also  found  with  subsequent  additions  of  the  catalyst.  In  this  experiment 
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the  yield  of  p-toluic  and  terephthalic  acids  was  39.1  and  4.4%,  respectively,  i.  e.  it  was  somewhat  higher  than  in 
the  case  of  0.01% catalyst  without  further  additions.  At  the  same  time.  If  these  data  are  compared  with  the  re¬ 
sults  of  experiments  in  which  this  amount  or  even  a  somewhat  lesser  amount  of  catalyst  was  introduced  all  at 
once  before  the  commencement  of  the  experiment  (for  example,  0.025  or  0.05%  cobalt  acetate;  Fig.  3),  It  may 
be  noted  that  In  the  given  instance  the  oxidation  was  much  worse. 


duration  of  experiments  (in  hours) 


Fig.  4.  The  Influence  of  repeated  additions 
of  catalyst  on  the  process  of  the  oxidation  of 
p-xylene:  I)  with  the  addition  of  catalyst; 
II)  with  separation  of  the  solid  reaction  pro¬ 
ducts. 


Fig.  5.  Diagram  of  the  apparatus  for  the 
oxidation  of  p-xylene. 

(Explanation  in  the  text). 


In*  another  experiment,  also  carried  out  with  0.01% 
cobalt  acetate,  after  the  reaction  had  completely  ceased 
and  the  reaction  mixture  had  cooled, the  latter  was  filtered 
through  a  No.  4  glass  filter  and  the  filtrate  was  oxidized 
again  without  the  introduction  of  a  further  amount  of  ca¬ 
talyst.  The  reaction  commenced  after  40  minutes  and 
continued  for  more  than  2  hours.  A  further  11. 1%  of  the 
acids  was  obtained,  calculated  on  the  p-xylene  contained 
In  the  filtrate,  or  4%  calculated  on  the  initial  product 
used 


A  certain  activation  of  the  reaction  as  a  result  of 
the  introduction  of  each  fresh  amount  of  cobalt  acetate 
indicates  that  the  catalyst  had  been  used  up  during  the 
process  of  oxidation  of  the  p-xylene  and  makes  it  possible 
to  assume  that  immediately  before  the  introduction  of  the 
additional  amount  of  catalyst  there  was  a  certain  deficiency 
of  the  latter.  This  assumption  is  in  agreement  with  litera¬ 
ture  data:  during  the  oxidation  of  many  hydrocarbons  in 
the  presence  of  salts  of  metals  of  variable  valence  it  was 
noted  that  during  the  reaction  process  the  catalyst  under¬ 
goes  irreversible  conversions  and  in  a  number  of  instances 
is  even  precipitated  [12-14]. 

However,  the  brief  period  of  action  of  the  fresh 
additions,  the  continued  reduction  in  the  total  velocity  of 
the  process  in  spite  of  the  fact  that  the  total  amount  of 
cobalt  acetate  introduced  in  the  form  of  additions  is  re¬ 
latively  great  and,  finally,  the  resutls  of  experiments  with 
the  filtering  of  the  reaction  products  undoubtedly  show 
that  during  the  oxidation  of  p-xylene  the  catalyst  Is  not 
completely  used  up  and  that  a  certain  amount  of  it  re¬ 
mains  in  an  active  state  until  the  end  of  the  reaction.  The 
presence  in  the  reaction  zone  of  a  large  amount  of  p- 
toluic  acid  which  reacts  with  the  cobalt  acetate  with  the 
formation  of  a  salt  of  p-toluic  acid  evidently  favors  the 
conservation  of  the  catalyst.  The  salt  is  readily  soluble 
in  p-xylene  and  also  has  the  ability  to  catalyze  the  oxida¬ 
tion  of  aromatic  hydrocarbons  1 15]. 

The  results  of  the  latter  experiments  show,  therefore, 
that  the  autoretardation  of  the  process  of  oxidation  of  p- 
xylene  is  not  connected  with  the  reduction  in  the  concen¬ 
tration  of  the  catalyst.  It  can  also  not  be  due  to  the  pre¬ 
sence  of  intermediate  products  of  a  phenolic  character 
which,  as  was  shown  in  the  instance  of  p-toluic  aldehyde 
[16],  completely  lose  their  inhibiting  properties  in  the 
presence  of  a  cobalt  catalyst.  The  cause  of  the  gradual 
retardation  of  the  reaction  velocity  may  be  the  gradual 
reduction  of  the  concentration  of  p-xylene  as  a  result  of 
its  dilution  by  the  oxidation  products;  this  must  lead  to  a 
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progressive  decrease  in  the  length  of  the  reaction  chains.  The  final  yield  of  the  oxidation  products  also  depends, 
without  question,  on  the  reactivity  of  the  Inter'nedlate  products,  the  concentration  and  activity  of  the  free  radicals 
which  support  the  development  of  a  chain  reaction  and  many  other  factors  [17]. 

The  experimental  data  obtained  in  this  work  make  it  possible  to  express  certain  ideas  regarding  the 
mechanism  of  oxidative  conversions  of  p -xylene  Itself,  too.  The  main  reaction  products  under  the  investigated 
conditions  were  p-tolulc  and  terephthalic  acids,  which  are  evidently  obtained  via  the  intermediate  formation  of 
peroxide  compounds  and  aldehydes  according  to  the  system: 

n_ciu  —  M— Clio  II— ('—II  n-c— oon  -*•  a- c— on 

I  II  II  II 

OOll  (>  o  o 

As  was  mentioned  above,  peroxides  were  actually  present  in  the  oxidation  products  but  we  did  not  succeed 
in  establishing  the  presence  of  aromatic  aldehydes  (probably  because  of  the  ease  with  which  they  are  oxidized). 

The  above-mentioned  direction  of  the  reaction  was  the  principal  one.  Secondary  reactions  took  place  at 
the  same  time,  leading  to  the  formation  of  phenols.  Their  formation  can  be  explained  by  the  conversions  of  the 
Intermediate  peroxide  compounds  given  below 

II— GII2— OOll  11-011  fCIIaO 

H-C<f  lt_Oll  4-CO2 

\00H 


The  importance  of  the  secondary  reactions  was  slight  because  the  formaldehyde  and  carbon  dioxide  were 
present  in  very  small  amounts  and  the  phenols  were  only  detected  qualitatively.  Tarrlng-up  and  complete 
oxidation  reactions  hardly  took  place. 


EXPERIMENTAL 

The  p -xylene  used  had  an  m.p  of  1?,  a  b.p.  of  133*  (700  mm),  d4*®  0  8621,  np*®  1.4952.  Cobalt  acetate 
of  C.P.  grade  was  used  as  the  catalyst. 

The  experiments  were  carried  out  in  an  apparatus  represented  diagrammatically  in  Fig.  5.  The  reaction 
vessel  was  a  column  of  molybdenum  glass  (1),  27  mm  in  diameter  and  400  mm  high,  heated  by  an  electric  oven 
(2).  Oxygen  was  fed  from  a  cylinder  into  the  column  via  a  bubbler(3),  equipped  with  a  mechanical  stirrer  (4). 

The  column  was  connected  to  a  graduated  water  nrap  (5)  and  condensers  (6).  In  some  experiments  additional 
traps  cooled  by  liquid  air  were  installed  after  the  condenser  in  order  to  collect  the  volatile  reaction  products  and 
the  vapors  of  unreacted  p-xylene  53  g  of  p-xylene  was  generally  introduced  into  the  reaction  vessel.  In  all 
experiments  the  oxygen  was  fed  at  a  rate  of  20-25  liters/ hour,  the  feed  commencing  as  soon  as  the  given  tem¬ 
perature  In  the  reaction  medium  had  been  attained. 

The  rate  of  oxidation  of  the  p-xylene  was  assessed  from  the  amount  of  water  collected  In  the  trap.  Sam¬ 
ples  were  taken  periodically  from  the  reaction  medium  to  determine  the  peroxide  compounds  by  the  iodometric 
method  [18].  The  acids  were  determined  only  after  the  completion  of  the  experiment.  To  do  this. the  unreacted 
p-xylene  was  first  removed  from  the  reaction  mass  by  steam  distillation  and  the  remaining  mixture  of  p-tolulc 
and  terephthalic  acids  was  then  separated  by  extraction  with  benzene  In  a  Soxhlet  apparatus  [19].  The  acids 
were  identified  by  their  melting  points  and  neutralization  equivalents.  In  addition,  the  terephthalic  acid  was 
converted  to  the  dimethyl  ester.  Phenols,  present  in  the  oxidation  products  as  traces,  were  detected  by  their 
qualitative  reaction  with  bromine  water  [20].  Formaldehyde  and  carbon  dioxide  were  quantitatively  determined 
in  the  reaction  gases,  the  former  as  formaldimcdone  [21],  the  latter  by  absorption  by  caustic  potash  and  baryta 
water. 


SUMMARY 

1.  The  reaction  of  the  liquid-phase  oxidation  of  p-xylene  by  molecular  oxygen  in  the  presence  of  cobalt 
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acetate  was  investigated.  It  was  established  that  the  main  oxidation  products  of  p-xylene  under  the  investigated 
conditions  are  p-toluic  and  terephthalic  acids. 

2.  It  was  shown  that  the  catalyst  plays  the  most  important  role  in  the  initial  period  of  the  reaction.  The 
scales  and  intensity  of  the  initial  stages  of  the  process  depend  on  the  concentration  of  the  catalyst  and  they  de-  • 
termlne  the  reaction  velocity,  its  direction  and  extent. 
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ETHYL  ISONICOTINOYLACETA  TE  AND  ITS  DERIVATIVES 
II.  CONDENSATION  WITH  ALDEHYDES  AND  AMINES 

O.  Yu.  Magidson 

S.  Ordzhonikidze  AlHJnion  Scientific -Research  Chemical-Pharmaceutical 
Institute 


In  our  previous  paper  [1]  it  was  shown  that  ethyl  isonlcotinoylacetate  (y -C5H4NCO>*CHj“COOC2H5  (I)  is 
easily  condensed,  as  a  result  of  the  activity  of  its  keto  group,  with  the  formation  of  a  number  of  heterocyclic 
compounds  having  a  y  -pyridine  radical.  Both  the  ester  (I)  itself  and  the  heterocyclic  compounds  obtained  from 
it  show  chemical  characteristics  which  differentiate  them  from  ethyl  benzoylacetate  and  the  heterocyclics  ob¬ 
tained  from  the  latter.  It  was  also  of  interest  to  investigate  the  degree  of  activity  of  the  CHj  group  in  the  ester 
(I)  and  the  readiness  with  which  condensations  based  on  the  activity  of  the  methylene  group  take  place.  It  was 
also  useful  to  determine  the  capacity  of  the  carbethoxy  group  for  condensation  with  aromatic  o-diamines. 

In  the  first  place,  the  reaction  with  aldehydes  was  investigated.  It  was  found  that  the  ester  (I)  readily 
condenses  with  0.5  mole  of  formaldehyde.  Whereas  Knoevenagel  [2]  required  the  participation  of  a  condensing 
medium  (diethylamine,  etc.)  for  the  condensation  of  ethyl  benzoylacetate  with  formaldehyde,  in  our  case  the 
condensation  took  place  smootlly  without  the  addition  of  amines,  probably  as  a  result  of  the  intramolecular  in¬ 
fluence  of  the  basic  properties  of  the  pyridine  ring.  The  condensation  product,  a,  a* -diisonlcotinoyl  glutaric 
ester  (II),  was  subjected  to  acid  cleavage  without  being  separated;  this  led  to  a  good  yield  of  1,3-dilsonIcotinoyl- 
propane  (III). 

1 1  gOl  ’.( )( :  1 1  (7-C5H  4  N  CO)C  1 1 2C 1 1  (7-Cr,l  1 4  N  CO  )C  1 1 2COOC2 1 1 5 

(II) 

-►  (7-C5n4NCO)CIIp(;M.,Cll2(CONC-,ll4-7) 

(III) 


Knoevenagel  [3]  and  also  Wislicenus  and  Carpenter  [4]  found  that  in  an  aqueous-alcoholic  medium  at 
160*,  1,5-diketones  and  hydroxylamine  medium  give  a,  a- disubstituted  pyridines  The  substance  (III),  was  also 
subjected  to  this  reaction,  38%  being  converted  to  a,a’-dipyrldyl-(4’)-pyridine  (IV);  the  latter  is  a  white  crys¬ 
talline  substance  capable  of  forming  two  series  of  salts,  a  readily  soluble  diacid  salt  and  a  less  soluble  mono¬ 
acid  salt.  The  indicated  structure  of  the  dipyridylpyridlne  obtained  is  confirmed  by  the  infrared  absorption 
spectrum  •  in  the  region  from  2.5  to  14  shown  in  Fig.  1.  The  substance  was  photographed  In  the  solid  crys¬ 
talline  state  in  the  form  of  a  suspension  in  vaseline  oil. 


1  r- 

(IV) 


•The  spectrum  was  determined  and  interpreted  by  Yu.  N.  Sheinker  to  whom  we  wish  to  express  our  sincere  thanks. 
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Of  the  observed  absorption  bands  note  may  be  taken  of  the  bands  at  1581  and  1546  cm"^  which  are  charac¬ 
teristic,  the  first  for  (certain)  y  -substituted  pyrldines,  the  second  for  a -substituted  pyridines.  These  bands  cor¬ 
respond  to  the  asymmetric  vibration  of  the  pyridine  rings.  The  band  in  the  996  cm"*  region,  which  is  also  ob¬ 
served  with  many  other  pyridine  derivatives,  evidently  belongs  to  the  symmetrical  vibration  of  the  pyridine  ring. 


As  a  result  of  the  reduction  of  product  (III)  by  the  Meerweln-Ponndorf  method  with  aluminum  Isopropylate 
[5],  l,5-di-(  y-pyrldyl)-  pentadiol,  a  dense,  distillable,  noncrystallizing  mass  was  obtained. 

The  condensation  of  the  ester  (I)  with  m-nltrobenzaldehyde  takes  place  normally  .giving,  after  acid  cleavage, 
2-(m-nltrophenyl)-l,3-diisonlcotinoylpropane  ,  y -CsH^NCOCHjCH  (m-CjH4N02)CH2C(X)5H4N-y ,  which  with 
hydroxylamiiie  gives  a  dloxime. 

Condensation  with  unsubstituted  benzaldehyde  takes  place  more  difficultly  and  in  a  more  complex  manner. 
For  example,  with  equivalent  quantities  of  ester  (1)  and  benzaldehyde,  two  substances  were  obtained;  the  product 
of  the  reaction  of  2  molecules  of  (I)  with  1  molecule  of  benzaldehyde,  with  an  m.p.  of  102-10^  and  the  pro¬ 
duct  of  their  reaction  in  a  ratio  of  1:1,  with  an  m  p.  of  110-11?.  The  first  may  be  considered  to  have  the 
structure  of  ethyl  a,a'-dlisonlcotlnoyl-8  -plienylglutarate  (V),  and  the  second  that  of  ethyl  benzylldene-iso- 
nicotinoylacetate  (VI). 


( 1.,  1 1  jOCOt ;  1 1  (7-( 1 1 4  N  CO )( ;  M  ((:« 1 1  ,)C 1 1  (1-C.,  1 1 4  N CO  )COOC.,  1 1  r, ; 

(V) 

(l-c- 1 1 4  N C( ))( '.( -  CM Cftl 1 5)COOC2 > •  .-i 

(VI) 

The  structure  of  substance  (V)  was  proven  by  the  fact  that  it  is  soluble  in  solutions  of  alkalis  and  as  a 
result  of  acid  cleavage  gives  l,3-diisonicotinoyl-2-phenylpropane  with  a  good  yield.  When  heated  with  dilute 
hydrochloric  acid,  compound  (VI)  splits  off  benzaldehyde  and  carboxyl,  forming  y -acetopyrldlne.  It  is  noteworthy 
that  the  double  bond  in  compound  (VI)  does  not  have  the  characteristic  properties  of  the  unsaturated  state:  solu¬ 
tions  of  substance  (VI)  in  chloroform  do  not  decolorize  bromine  water  and  do  not  deoxidize  permanganate.  This 
phenomenon  could  be  attributed  to  the  characteristics  of  the  -CO-C  (=CHC5H5)-CO  group.  An  analogous  pheno¬ 
menon  is  observed  in  the  case  of  chalcone  chains  of  similar  structure  when  they  add  iodine  [6].  Attempts  to 
obtain  oximes  of  substances  (V)  and  (VI)  led  to  major  transformations.  When  substance  (V)  was  heated  with 
hydroxylamine  in  an  aqueous -alcoholic  medium, 3-(y-pyridyl)-5-isoxazolone(VII)descrIbed  by  us  previously  [7], 
was  obtained.  The  course  of  the  reaction  may  be  represented  in  the  following  manner: 


(V)  f  llaNOM 


■j-(%,ll4N— C— r,ii2 

II  V<0-I-(VI) 


N— 

(Vll) 


The  addition  of  compound  (VI)  with  hydroxylamine  gives  the  same  pyridyllsoxazolone  and  benzaldehyde. 
These  conversions  of  compounds  (III)  and  (IV)  show  that  a  weakening  of  the  bond  of  the  central  (benzylldene) 
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carbon  atom  with  the  neighboring  ones  takes  place  in  the  groups 


-CO 

-CO 


\ 


co- 

and 

CO- 


-COC(=CHCeHs)CO— 


under  the  influence  of  the  electrophylic  attack  of  the  hydroxylamine;  as  a  result  of  this,  hydrolysis  of  the  bond 
and  cleavage  of  the  molecule  take  place,  the  monoxime  probably  being  first  formed  and  then  immediately 
converted  by  closure  into  isoxazolone. 


CjH^N-C  — —  CH  -COCjH^ 

V  ' 


3  'f, 


C5H5  COOCjH, 


As  a  result  of  hydrolysis  the  formation  of  the  substance 


Ch,H5CII(01I)-CH— CO-C5II4N 


COOC2FI5 


together  with  isoxazolone  must  take  place  but  it  is  immediately  dehydrated  and  forms  ethylbenzylideneisonico- 
tinoylacetate(VI):  closure  of  the  oxazolone  takes  place  and  benzaldehyde  is  split  off. 

The  ester  (I)  also  condenses  with  the  acid  chloride,  though  under  somewhat  different  conditions,  in  a 
medium  of  acetic  acid.  As  a  result  two  substances  are  obtained:  one,  the  predominating  compound,  with  an  m.p. 
of  139-141*  and  the  other,  formed  in  a  lesser  quantity  and  free  from  chlorine,  with  an  m.p.  of  307-310*.  The 
substance  with  an  m.p.  of  139-141*  is  the  normal  product  of  the  condensation  of  the  ester  (I)  and  chloral  in  a 
molar  ratio  of  1:1  and  has  the  structure  >*-C5H4NCOCH(CHOHCCl3)-COOC2H5  or  (2-trichloro-l-hydroxyethyl)- 
isonicotinoylacetic  ester.  This  structure  was  proven  by  acid  cleavage,  which  gave  y -py^ldyl-(3-trlchloro-2- 
hydroxypropyl)-ketone.  The  substance  with  an  m.p.  of  307-310*  was  not  investigated  in  greater  detail,  however, 
because  of  the  small  amount  available. 

When  the  ester  (I)  was  condensed  with  salicylaldehyde  the  normal  condensation  products  were  not  obtained 
and  only  a  small  amount  of  a  yellow  substance,  probably  isonicotinoylacetyl-isonicotinoylacetic  acid  (VIII),was 
obtained. 


(•f-CnIl4NCO)Cn2COCH(COCr,H4N)COOH 

(VIII) 

The  condensation  of  the  ester  (1)  with  p-dlmethylaminobenzaldehyde  was  also  carried  out  in  a  molecular 
ratio  of  2:1  in  a  medium  of  acetic  acid. 

The  carbethoxy  group  in  the  ester  (1)  determines  a  number  of  reactions  characteristic  of  the  latter,  in¬ 
cluding  the  capacity  to  condense  with  o-phenylenediamine  with  the  formation  of  benzimidazole  derivatives. 

In  the  literature  it  is  Indicated  [8]  that  in  the  condensation  of  acetoacetic  ester  with  o-phenylenedlamlne,the 
addition  of  a  small  amount  of  an  alkaline  agent  assists  the  formation  of  2-acetonyl -benzimidazole.  S.  L. 
Davydova  [9J,  however,  describes  the  condensation  of  o-phenylenediamlne  with  ethyl  benzoylacetate  by  heating 
without  an  alkaline  agent  in  xylene, with  simultaneous  distillation  of  alcohol  and  water,  the  yield  being  81.8  %  . 
The  condensation  which  we  carried  out  with  the  addition  of  a  small  amount  of  potash  gave  poor  results.  Better 
results  are  obtained  if  the  condensation  is  carried  out  in  a  solution  of  xylene  with  distillation  of  the  alcohol, 
water  and,  to  a  partial  extent,  the  xylene. 
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c— Clio— CO— N 


(IN) 


(2-BenzlmIdazolyl)-methyl-(  y -pyrldyl)-ketone  (IX)  was  obtained  as  well-formed  light-yellow  prisms, 
only  slightly  soluble  In  organic  solvents.  The  corresponding  5-methoxy  derivative  was  also  obtained.  Taking 
Into  consideration  the  extremely  high  sensitivity  of  3,4-dIaminoanisole  to  atmospheric  oxygen  [10],  m-nitro-p- 
anlsldlne  was  reduced  In  alcohol  by  hydrogen  with  PtO^;  after  separation  of  the  catalyst  In  an  atmosphere  of 
nitrogen, the  ester  (I)  was  then  added  to  the  filtrate,  the  solvent  was  distilled,  xylene  added  and  the  condensation 
was  carried  out.  The  yield,  calculated  on  the  nltroanisldlne,  was  only  20<]^o.  It  Is  Interesting  to  note  that  this 
ketone  Is  also  difficultly  soluble  In  the  usual  organic  solvents.  Whereas  (2-benzImIdazolyl)-methyl-(  y-pyridyl)- 
ketone  melts  at  211-212*. the  melting  point  of  the  methoxy  derivative  Is  3lT,  i.e. the  Introduction  of  an  electron- 
donating  group  Intensifies  the  heteropolarity  of  the  molecule.  When  boiled  with  48  hydrobromic  add  the 
methoxy  derivative  Is  converted  smoothly  to  the  hydroxy  compound,  which  does  not  melt  up  to  370* ;  this  Is 
evidently  due  to  the  appearance  of  a  hydrogen  bond  resulting  from  the  hydroxyl  function. 


EXPERIMENTAL 

Tl^e  condensation  of  ethyl  Isonicotinoylacetate  with  formalin.  1,3-DIIsonlcotInoylpropane  (III).  2  ml  of 
37'’/n  formalin  was  added  with  stirring  over  a  period  of  15  minutes  to  a  solution  of  9.7  g  of  the  ester  (I)  In  20  ml 
of  alcoliol  cooled  to  10".  After  being  kept  for  3  hours  the  homogeneous  solution  was  heated  on  a  boiling  water 
bath  for  4  hours  with  a  refliLX  condenser.  The  alcohol  was  then  distilled,  10  ml  of  6  N  hydrochloric  acid  was 
added  to  the  residue  and  the  solution  was  heated  in  an  open  flask  on  a  boiling  water  bath  for  3  hours.  During  this 
process  the  vigorous  evolution  of  COj  bubbles  was  noted  at  the  beginning.  When  the  solution  had  cooled,  it  was 
neutralized  with  a  30%  caustic  .soda  solution.  The  precipitated  oil  crystallized  rapidly  In  the  form  of  light-brown 
granules.  They  were  filtered,  washed  with  water  and  recrystallized  from  G0%  methanol.  Large  bright  crystals  of 
1,3-diisonIcoiinoylpropane  (III)  were  obtained.  The  m.p.  was  92-93*.  The  yield  was  5  g  (78%). 

Found  %  N  11.1,  11.3.  CuHiPjNs  Calculated  %:  N  11.0. 

When  substance  (HI)  was  dissolved  In  the  theoretical  amount  of  boiling  5  %  hydrochloric  acid  (calculated 
on  the  monohydroclilorlde)  yellow  prismatic  crystals  of  the  difficultly  soluble  monohydrochloride,  with  an  m.p. 
of  254-25(f  (decomp.)  were  obtained. 

Found  %t  C  12.3,  12.5.  C15H14O2N2  '  HCl.  Calculated  %t  C  12.2. 

The  dihydrochloride  was  readily  soluble. 

The  dIoxime  of  1,3-dIisonicotinoylpropane  was  obtained  by  heating  1  g  of  (III)  with  0. 6  g  of  hydroxylamlne 
hydrochloride  and  0.65  g  of  anhydrous  sodium  acetate  in  a  medium  of  5  ml  alcohol  +  3  ml  H2O.  Well-formed, 
large, transparent, colorless  prisms  soon  began  to  be  precipitated  After  they  had  been  heated  for  2  hours  the  crys¬ 
tals  were  filtered  and  washed  with  50%  alcohol  The  yield  was  1  g;  it  was  in  the  form  of  well-formed  prismatic 
needles  with  an  m.p.  of  197-198“  (from  80%  alcohol). 

Found  %:  N  17.5,  15.5;  HjO  12  30.  CbH,P2N4  •  2H2O.  Calculated  %:  N  17.2;  H2O  12.2. 

ot,a’-Dipyridyl-(4’)-pyridine  (IV).  3  g  of  substance(III)and  2  gof  hydroxylamlne  hydrochloride  in  10  ml  of  90% 
alcohol  were  heated  in  a  sealed  tube  for  7  hours  at  160-165*.  When  cooled,  the  contents  of  the  tube  were  a 
dense  mass  of  interlaced  crystals.  There  was  no  pressure  in  the  tube.  The  crystals  of  the  hydrochloride  were 
filtered  and  washed  with  alcohol.  The  m  p.  was  280-285"  (from  hot  water).  The  yield  was  1. 5  g  (38%X 

Found  %:  cr  10.5;  HjO  20.0.  CigHnNj-  HCl  •  4H2O.  Calculated  %c  Cl’  10.4;  H2O  21.0. 

of,a'-Dipyridyl-(4’)-pyridine  hydrochloride  readily  soluble  in  hot  water,  difficultly  soluble  in  cold  water, 
soluble  in  hot  alcohol  and  almost  insoluble  in  cold  alcohol. 
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The  straw-colored  base  of  a,  a’ -dlpyrIdyl-(4')-pyridine  was  precipitated  from  a  solution  of  the  hydro¬ 
chloride  with  caustic  soda.  The  m.p  was  144-146r  (from  ethylacetate). 

Found  oja  N  17.7,  18.1;  C  77.2.  77  3;  H  4.8,  4.8.  CbHuN,  Calculated  N  18.0;  C  77.2;  H  4.7. 

The  base  was  insoluble  in  water  and  aqeuous  alkalis,  readily  soluble  in  alcohol,  chloroform,  acetone  and 
almost  insoluble  in  ether.  It  gave  two  series  of  salts-.  In  addition  to  the  above -described  hydrochloride,  the  very 
readily  soluble  dihydrochloride  was  obtained  when  the  base  was  neutralized  (to  Congo  red). 

The  picrate  was  obtained  in  an  alcoholic  medium  It  was  almost  insoluble  in  water,  alcohol  and  benzene; 
the  m  p.  was  252-254*  (decomp  ). 

Found  %;  N  16.4,  16.6  CigHjiNj-  2CsHj  (NOjipH  4H2O.  Calculated  «7o  N  16.5. 

The  reduction  of  1,3-diIsonicotInoylpropane  (III).  A  solution  of  aluminum  isopropylate  was  prepared  in 
1.5  hours  from  1.25  g  of  aluminum  chips  in  25  ml  of  isopropyl  alcohol  with  2  drops  of  CCI4  and  a  crystal  of 
mercuric  chloride.  A  solution  of  2. 54  g  of  substance  (III)  In  25  ml  of  Isopropyl  alcohol  was  added  to  it  dropwlse 
over  a  period  of  half  an  hour  with  gentle  heating  and  stirring,  after  which  the  entire  mass  was  boiled  for  4  hours 
on  a  water  bath.  The  major  part  of  the  Isopropyl  alcohol  was  then  distilled  and  the  residue  was  decomposed  with 
a  mixture  of  5  ml  of  isopropyl  alcohol  with  5  ml  of  water;  10  ml  of  40%  caustic  soda  and  20  ml  of  HjO  were  then 
added.  The  layers  separated.  The  upper  layer  was  separated  and  the  lower  was  extracted  twice  with  15  ml  of 
ether  each  time.  The  combined  ethereal  extracts  together  with  the  separated  alcoholic  solution  were  dried  with 
anhydrous  potash,  the  solvent  was  distilled  off  and  the  residue  was  distilled  at  a  temperature  of  242-245“  (0.5  mm). 
The  yield  was  2. 1  g  (82%).  It  was  a  vitreous  mass  which  did  not  crystallize. 

Found  %  N  10.4,  10.8.  CisHmOjNj.  Calculated  %  N  10.8. 

The  condensation  of  ethyl  Isonlcotlnoylacetate  with  m-nltrobenzaldehyde.  l,3-Dllsonlcotinoyl-2-m-nltro- 
phenylpropane.  7.7  g  of  tlie  ester  (I ),  3  g  of  m-nitrobenzaldehyde  and  5  ml  of  alcohol  were  heated  with  stirring 
In  a  three-necked  flask  on  a  steam  bath  with  gradual  partial  distillation  of  the  alcohol  over  a  period  of  4  hours. 

The  mass  was  neutralized  (to  Congo  with  10%  hydrochloric  acid  and  extracted  with  ether.  The  aqueous  solution 
was  treated  with  20%  caustic  soda  until  It  gave  a  neutral  reaction  to  litmus.  The  base  precipitated; as  a  result  it 
was  a  solidified  granular  mass.  It  was  filtered,  washed  with  water  and  dried.  The  weight  was  9  g.  Since  It  could 
not  be  recrystalllzed  it  was  subjected  to  treatment  with  acid.  10  ml  of  concentrated  hydrochloric  acid  and  6  ml  of 
HjO  were  taken  for  the  9  g  of  precipitate;  the  reaction  mass  was  boiled  on  a  grid  with  a  reflux  condenser  for  3 
hours.  The  solution  was  then  neutralized  with  10%  caustic  soda.  A  viscous  colored  oil,  which  did  not  crystallize, 
separated  out.  The  aqueous  solution  was  decanted  and  5  ml  ofCHsOH  was  added  to  the  oil,  after  which  It  began 
to  crystallize.  The  crystals  were  filtered,  washed  twice  with  3  ml  of  CHjOH  each  time  and  dried  in  a  desiccator. 
3. 2  g  of  l,3-dIlsonicotinoyl-2-m-nitrophenylpropane,  with  an  m.p.  of  151-152"  (from  CH^H),  was  obtained.  The 
compound  had  the  appearance  of  well -formed,  straw-colored  prismatic  crystals. 

Found  %  N  11.3,  11.2.  C21H1P4N3  Calculated  %:  N  11.2. 

The  dioxime  of  l,3-diisouicotInoyl-2-m-nitrophenylpropane  was  obtained  with  hydroxylamine  hydrochloride 
and  anhydrous  sodium  acetate  in  a  medium  of  alcohol.  The  m  p.  was  258-260*.  It  was  insoluble  in  alcohol,  ether 
and  acetone;  it  was  very  difficultly  soluble  in  pyridine  and  glacial  acetic  acid. 

Found  %;  N  17.2.  C21H19O4N5.  Calculated  %;  N  17.3. 

The  condensation  of  ethyl  isonicotinoylacetate  with  benzaldehyde.  A  mixture  of  9.7  g  of  ester  (I),  5. 8  g 
of  benzaldehyde  and  1  drop  of  pyridine  was  heated  with  stirring  in  a  three-necked  flask  on  a  boiling  water  bath 
for  3  hours.  The  next  day  the  partially  crystallized  reaction  mass  was  treated  with  5%  hydrochloric  acid  until  it 
gave  an  acid  reaction  to  Congo,  The  solution  obtained  was  extracted  three  times  with  ether.  The  aqueous  solu¬ 
tion  was  made  alkaline  with  a  10%  solution  of  caustic  soda  The  precipitated  oil  was  separated  from  the  aqueous 
solution  and  dissolved  in  hot  66-70%  methanol.  The  next  day  the  crystals  (A)  were  separated  and  the  filtrate 
was  concentrated.  Crystals  (B)  were  again  deposited  from  it  overnight.  Both  substances  were  purified  by  several 
recrystallizations  from  66-70%  methanol  and  individually  examined.  Substance  (A),whlch  was  less  soluble  in  70% 
methanol, had  an  m.p.  of  93-95“  and  contained  water  of  crystallization;  after  this  had  been  removed  the  sub¬ 
stance  melted  at  102-103’;  substance  (B)  which  was  more  soluble  had  an  m.p.  of  IIO-IIST. 

The  investigation  of  substance  (A)  with  an  m.p.  of  102-103’  showed  that  It  was  the  condensation  product 
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of  2  moles  of  ethyl  isonlcotliioylacetate  and  1  mole  of  benzaldehyde,  l.e.  ethyl  benzylidenediisonicotinoylacetate 
(or  a,a’-dIlsonlcotlnoyl-6  -phenylglutarlc  acId(V)  ).It  dissolved  In  solutions  of  alkalis,  giving  a  faint  yellow 
color. 

Found  oJa  HjO  4.5;  N  5.7.  6.0;  C  65.4,  65.5;  H  5.2,  5.3.  •  1  Vi  HjO.  Calculated  4.8; 

N  5.6;  C  65.0;  H  5.2. 

1  g  of  substance  (A)  was  boiled  with  5  ml  of  20®i()  hydrochloric  acid  on  a  grid  for  3  hours.  The  solution 
darkened  intensely.  After  it  had  been  neutralized.a  dark  oil  separated  out;  this  crystallized  out  overnight  to 
give  a  cream -colored  mass.  The  liquid  remaining  was  decanted  and  the  residue  was  recrystallized  from  3  ml 
of  60%  methanol.  0. 7  g  of  fine  white  crystals,  with  an  m.p.  of  102-103’,  was  obtained;  on  analysis  this  was  found 
to  be  2 -phenyl -1,3-dlisonIcotInoylpropane. 

Found  %;  HjO  7.0;  N  8.0,  8.2.  CjjHigOjNj  *  HjO.  Calculated  %:  HjO  7.3;  N  8.1. 

The  dehydrated  2-phenyl-l,3-diisonicotInoylpropane  was  recrystallized  from  a  mixture  of  benzene  and 
gasoline.  The  m.p.  was  108-110*. 

Substance  (B)  with  an  m.p.  of  110-11?  was  found  to  be  the  condensation  product  of  1  mole  of  benzaldehyde 
and  1  mole  of  ethyl  Isonicotinoylacetate,  i.e.  ethyl  benzylldene-Isonicotlnoylacetate  (VIX  It  did  not  dissolve 
in  solutions  of  alkalis 

Found  %.  C  72.3,  72.0;  H  5.6,  5.6.  C^HbCjN.  Calculated  %  C  72.6;  H  5.2. 

Attempts  to  obtain  the  normal  oximes  of  both  compounds  (A)  and  (B)  led  to  major  changes. 

a)  0. 3  g  of  (A),  0.09  g  of  hydroxylamine  hydrochloride  and  0. 1  g  of  anhydrous  sodium  acetate  were  heated 
on  a  water  bath  with  5  ml  of  50%  alcohol  for  2  hours.  The  solution  darkened  intensely  and  after  it  had  cooled  a 
yellow  crystalline  precipitate  was  deposited  In  the  form  of  leaflets  It  was  separated,  washed  with  50%  alcohol 
and  dissolved  in  5%  caustic  soda;  the  solution  was  then  filtered  and  precipitated  while  hot,wlth  acetic  acid.  Fine, 
well-formed  yellow  crystals  were  deposited.  When  they  had  been  dried  at  104-105“  their  m.p.  was  194-19? 
(decomp.).  A  mixed  melt  with  3-(y -pyrIdyl)-Isoxazolone  (VII)  showed  no  depression  of  the  melting  point.  A 
total  of  about  0. 1  g  was  obtained. 

b)  0. 3  g  of  compound  (B),  0. 1  g  of  hydroxylamine  hydrochloride,  0.12  g  of  CH/300Na  and  5  ml  of  50% 
alcohol  were  taken.  The  mixture  was  heated  on  a  boiling  water  bath  with  a  reflux  condenser.  After  2  hours 
very  few  crystals  had  been  precipitated;  a  further  0. 1  g  of  hydroxylamine  and  0. 12  g  of  CH^COONa  were,  there¬ 
fore,  added  and  boiling  was  continued  for  another  4  hours.  A  total  of  0.15  g  of  crystals  was  obtained  and  re¬ 
precipitated  from  alkali;  the  m.p.  was  194-19?;  the  crystals  were  identical  with  substance  (VII).  The  initial 
mother  liquor  had  a  strong  odor  of  benzaldehyde. 

The  condensation  of  ethyl  isonicotinoylacetate  with  salicylal  dehyde.  After  an  alcoholic  solution  of  9.8  g 
of  ester  (I)  and  3.2  g  of  sallcylaldehyde  had  been  boiled  on  a  water  bath  for  5  hours  the  alcohol  was  distilled  off 
and  the  residue  was  neutralized  with  5%  hydrochloric  acid.  A  small  amount  (1  g  )  of  a  yellow  precipitate  was 
deposited  the  arhount  Incieaslng  on  the  addition  of  ether.  The  precipitate  was  filtered  and  recrystallized  from 
5%  alcohol.  A  considerable  part  of  the  sallcylaldehyde  used  was  recovered  from  the  ethereal  solution  when  the 
ether  was  distilled.  The  precipitate  obtained  was  recrystallized  from  boiling  alcohol;  the  m.p.  was  261-262". 

Found  %:  N  9. 1.  Calculated  %:  N  9.0. 

The  only  product  obtained  from  the  condensation  was,  therefore,  one  which, from  the  analytical  data, was 
probably  Isonlcotlnoylacetyl-isonlcotinoylacetic  acid  (VIII). 

The  condensation  of  Isonicotinoylacetate  with  chloral.  9. 6  g  of  ester  (I)  and  8. 3  g  of  chloral  hydrate 
were  taken  .  The  mixture  was  heated  on  a  steam  bath  witlT stirring.  The  mixture  was  all  converted  to  a  homo¬ 
geneous  liquid.  After  20-30  minutes  the  mass  began  to  solidify.  10  ml  of  acetic  acid  was  then  added  and  heating 
was  continued  for  a  further  3  hours.  The  major  part  crystallized  out  overnight.  The  crystals  were  filtered, 
washed  3  times  with  3  ml  of  50%  acetic  acid  each  time  and  dried  under  vacuum  over  sulfuric  acid  and  soda  lime. 
8  g  of  the  substance  was  obtained  and  recrystallized  from  ethyl  acetate.  Part  of  the  substance  (2.5  g)  was  in¬ 
soluble  and  remained  on  the  filter  in  the  form  of  a  fine  crystalline  powder.  2.9  g  of  crystals  (needles  and  rhom¬ 
boids),  with  an  m.p.  of  137.5-14?,  was  obtained  from  the  filtrate  and  the  first  mother  liquor;  these  crystals  were 
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again  recrystallized  from  ethyl  acetate.  The  crystals  were  filtered  without  being  allowed  to  crystallize  out  com¬ 
pletely:  the  m.p.  was  139-14T,  0. 3  g  of  a  precipitate  which  was  almost  insoluble  in  the  usual  solvents  and 
hardly  contained  chlorine  was  obtained  from  the  mother  liquor  after  concentration  and  treatment  with  methanol. 
After  recrystallization  from  ethyl  cellosolve  It  melted  at  307-310’,  almost  completely  subliming. 

Analysis  of  the  substance  with  an  m.p.  of  139-141*.  Found  Cl  31.4,  31.5.  C|2Hi204NCl5.  Calculated  <5^: 

Cl  31.2 

The  substance  obtained  was,  therefore,  the  addition  product  of  chloral  and  ethyl  isonlcotinoylacetate: 
C5H4NCOCH(CHOH-CCl5X:OOCjH5. 

To  confirm  the  indicated  structure.!  g  of  the  substance  with  an  m.p.  of  139-141*  was  heated  on  a  steam 
bath  with  5  ml  of  20*^5)  hydrochloric  acid.  A  dense  precipitate  (acid  chloride  ?)was  first  formed  but  with  further 
heating  for  2  hours  this  slowly  dissolved  with  the  evolution  of  COj.  The  next  day  the  solution  was  neutralized 
with  sodium  bicarbonate  to  a  pH  of  6.  The  precipitate  deposited  was  filtered,  washed  with  water,  dried  under 
vacuum  and  recrystallized  from  methanol.  0. 3  g  of  y-pyridyl-(3-trichloro-2-hydroxypropyl)-ketone,  with  an 
m.p.  of  177-17^,  was  obtained.  It  was  in  the  form  of  gray  prisms,  insoluble  in  cold  water,  chloroform  and 
benzene,  fairly  soluble  in  methanol,  ethanol  and  more  soluble  In  hot  solvents.  When  heated  with  aqueous  solu¬ 
tions  of  alkali  it  ^ve  a  red -brown  solution. 

Found  <%c  N  5.7,  5.8;  Cl  39.5,  39.4.  CsHgOjNCl,.  Calculated  %  n  5.3;  Cl  39.6. 

Analysis  of  the  substance  with  an  m.p,  of  307-310°.  Found  %  :  N  11.2,  10.8.  CjsH^OjNj.  Calculated  % ; 

N  11.1. 

The  condensation  of  ethyl  isonlcotinoylacetate  with  p-dimethylaminobenzaldehyde.  A  mixture  of  9. 5  g  of 
substance  (I),  3.7  g  of  p-dimethylamlnobenzaldehyde  and  5  ml  of  acetic  acid  was  heated  on  a  glycerine  bath 
at  110-120’  for  4  hours.  5  ml  of  water  and  5  ml  of  methanol  were  then  added  to  the  reaction  mass.  The  next 
day  a  crystalline  precipitate  was  deposited  from  the  dark-red  solution;  it  was  filtered,  washed  with  50<5J)  methanol 
and  dried  under  vacuum  over  CaClj  +  NaOH.  The  weight  was  3.3  g.  It  consisted  of  yellow  prisms  of  2,5-dIiso- 
nIcotinoyl-3-(p-dimethylaminophenyl)  glutaric  ester.  The  m.p.  was  137-138’.  A  further  1.3  g  of  a  substance 
with  an  m.p.  of  135-13T  was  obtained  from  the  mother  liquor  after  it  had  been  concentrated;  after  recrystalllza- 
tion  this  substance  melted  at  136-13T  A  picrate,  with  an  m.p.  of  128-12Sr,  was  obtained  from  the  second  mother 
liquor;  this  was  identical  with  the  picrate  of  y -acetopyrldine. 

Found  %:  C  70.6,  70.5;  H  6.2,  6.3;  N  8.5,  8.1.  CuHjoOjN,.  Calculated  <5t:  C  70.3;  H  6.2;  N  8.6. 

The  condensation  of  ethyl  isonlcotinoylacetate  with  o-phenylenediamine.  (2-Benzlmldazolyl-methyl )-  y  - 
pyridyl -ketone.  A  mixture  of  8.6  g  of  o-phenylenediamine,  15.4  g  of  ester  (I)  and  40  ml  of  xylene  was  heated 
gradually  on  a  glycerine  bath,  first  at  140-145’  and  then  at  145-150*  (temperature  of  the  bath).  At  first  a  mixture 
of  water,  alcohol  and  xylene  began  to  slowly  distill.  When  half  the  xylene  had  distilled, the  reaction  mass  sud¬ 
denly  crystallized.  Heating  was  continued  for  a  total  of  1.5  hours.  A  4  ml  layer  of  alcohol  and  water  separated 
out  in  the  distillate.  When  it  had  cooled  the  precipitate  was  ground  in  a  mortar  with  10  ml  of  xylene,  filtered, 
washed  with  alcohol,  dried  and  recrystallized  from  ethyl  Cellosolve.  The  yield  of  2-benzimidazolyl-methyl- 
-(y -pyridyl)  ketone  was  15.5  g.  A  further  1  g  of  the  substance  was  obtained  from  the  mother  liquor  after  con¬ 
centration  and  dilution  with  alcohol.  The  yield  was  16.5  g  (91.5%).  It  consisted  of  well-formed,  light-yellow 
prisms  with  an  m.p.  of  211-212’,  very  difficultly  soluble  in  alcohol,  ether,  acetone  and  benzene;  it  was  soluble 
in  mineral  acids. 

Found  %  N  17.9,  17.7.  CmHuON,  Calculated  %:  N  17.7. 

The  acid  chloride  was  obtained  from  2.  3  g  of  base  In  15  ml  of  water  by  neutralization  with  1. 1  ml  of  hydro¬ 
chloric  acid  (d  1.19),  the  mixture  being  heated.  When  the  latter  had  cooled, light -yellow  needles  crystallized  out; 
the  m.p.  was  230-235*  in  a  sealed  capillary  (with  darkening). 

Found  %;  Cl  12.8,  13.0.  C^HiPNa  •  HCl.  Calculated  %:  Cl  12.9. 

2 -[4(5)-Methoxybenzimidazolyl] -methyl -(y-pyridyl)-ketone.  A  solution  of  9.5  g  of  m-nitro-p-anisidine 
In  60  ml  of  alcohol  was  hydrogenated  over  0. 15  g  of  PtOj  at  normal  pressure.  Hydrogen  was  absorbed  intensely; 
after  2  hours  the  solution  was  almost  decolorized  and  the  absorption  of  hydrogen  ceased.  A  total  of  4220  ml  of  Hj 
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was  absorbed  (theoretical  amount  4135  ml).  The  contents  of  the  flask  in  which  hydrogenation  took  place  were 
transferred  In  a  current  of  nitrogen  to  a  funnel  with  a  No  1  glass  filter  containing  a  small  filter  paper ;  the  solu¬ 
tion  of  3,4-dIamInoanlsole  was  filtered  In  a  current  of  nitrogen  and  the  residue  of  catalyst  was  washed  with  5  ml 
of  alcohol.  The  filtrate  was  transferred  rapidly  to  a  distillation  flask  containing  a  solution  of  11.5  g  of  ethyl 
Isonlcotlnoylacetate  in  10  ml  of  alcohol;  the  alcohol  was  distilled  off  on  a  boiling  water  bath,  40  ml  of  an¬ 
hydrous  xylene  was  added  to  the  residue  and  the  mixture  was  heated  on  a  glycerin  bath  at  140-150*  (tempera¬ 
ture  of  the  bath).  The  water  and  alcohol  (a  total  of  5  ml)  were  distilled  in  half  an  hour  and  10  ml  of  xylene  was 
then  distilled  In  1  hour.  The  next  day  the  upper  xylene  layer  was  decanted  from  the  solidified  dense  precipitate 
and  the  precipitate  was  dissolved  with  heating  In  40  ml  of  methanol.  When  It  had  cooled  a  yellow  precipitate 
was  deposited  (1.5  g).  Concentrated  hydrochloric  acid  was  added  to  the  mother  liquor  until  an  acid  reaction  to 
Congo  was  obtained  and  the  mixture  was  left  for  2  days.  The  precipitate  deposited  was  filtered  and  dissolved  In 
30  ml  of  hot  5  %  hydrochloric  acid.  A  solution  of  5  g  of  crystalline  CH3Ct30Na  in  5  ml  of  water  was  added  to 
this  solution.  The  fine,  dark-red  crystals  of  the  monoacId  chloride  formed  were  filtered,  washed  with  alcohol 
and  a  suspension  of  them  in  30  ml  of  hot  water  was  treated  with  a  solution  of  ammonia;  a  yellow,  fine -crystalline 
powder  was  deposited.  Both  the  precipitate  from  methanol  and  that  from  the  acid  chloride  were  combined  and 
recrystallized  from  pyridine.  3  g  of  the  ketone,  with  an  m.p.  of  317-319^  (in  a  sealed  capillary)  was  obtained. 

Found  HjO  6.3;  N  15.18,  15.26;  CH3O  8.5.  CigHiPj^s*  HjO.  Calculated  %:  HjO  6.3;  N  14.83; 
CH3O  10.8. 

The  diacId  chloride  was  In  the  form  of  bright-yellow  crystals  with  an  m.p.  of  275-277*. 

Found  %:  Cl  19.1.  C15H13O2N3  •  2HC1  •  2H2O.  Calculated  Cl  19.1. 

2-[4(5)-HydroxybenzImIdazolyl]-methyl-(  y -pyr Idyl >»ke tone.  0.5  g  of  2-[4(5)-methoxybenzImIdazolyl]- 
im  thyl-(y-pyrldyl)-ketone  was  dissolved  In  10  ml  of  48%  hydrobromic  acid  and  the  solution  was  boiled  with  a 
reflux  condenser  for  5  hours.  When  the  solution  h.id  cooled, well-formed,  light-green  crystals  of  the  trihydro- 
bromlde  were  deposited  (0.4  g).  When  heated  to  370“  It  darkened  but  did  not  melt. 

Found  %  ;  Br  47.2,  47.5;  N  7.8,  8.1.  C14H11O2N3  •  3HBr.  Calculated  %:  Br  48.2;  N  8.4. 

A  further  0. 15  g  of  hydrobromide  was  obtained  from  the  mother  liquor;  after  recrystallization  from  water 
this  formed  a  brick -red  crystalline  powder  of  monohydrobromide. 

Found  %;  Br  22.76,  23.19.  C14H1P2N3  ‘  HBr.  Calculated  %:  Br  23.85. 

A  solution  of  alkali  was  added  to  a  solution  of  0. 1  g  of  the  hydrobromide  In  water  until  the  majority  of 
the  deposited  precipitate  had  gone  into  solution  The  solution  was  filtered  and  carefully  acidified  with  acetic 
acid  to  a  pH  of  6.  The  yellow  precipitate  deposited  was  filtered,  washed  with  water  and  dried.  It  darkened 
but  did  not  melt  up  to  a  temperature  of  370*. 

Found  %:  N  15.15,  15.32.  C14H1P2N3  •  Hp.  Calculated  %:  N  15.5. 

SUMMARY 

1.  Ethyl  isonlcotlnoylacetate  has  a  very  active  methylene  group  capable  of  condensing  with  aldehydes 
(formalin,  m-nitrobenzaldehyde,  benzaldehyde, chloral),  giving  condensates  In  a  ratio  of  2:1  and  1:1. 

2.  Acid  cleavage  of  the  condensation  products  leads  to  the  formation  of  pyridine  derivatives  of  1,5-dI- 
ketones,  hydroxyketones  and  y -acetylpyrldine. 

3.  Ethyl  a,  a’-dllsonicotinoyl-  0 -phenylglutarate  and  ethyl  benzylidenelsonicotinoylacetate  are  un¬ 
stable  and  when  attacked  by  hydroxylamlne  In  an  aqueous-alcoholic  medium  split  up  giving  3“(y-pyrIdyl)-(5)" 
Isoxazolone  and  benzaldehyde. 

4.  When  heated  with  hydroxylamlne  in  a  sealed  tube  at  160*  dlisonicotinoylpropane  is  converted  to 
a,  a-dipyridyl  -(4’  )-pyrldlne. 

5.  When  heated  with  o-phenylenediamine  and  Its  methoxy  derivatives. ethyl  Isonlcotlnoylacetate  readily 
forms  (2-benzimIdazoiyl)-methyl-(y-pyrldyl)-ketone  and  the  corresponding  methoxy  compound. 
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REACTION  OF  TERTIARY  ALCOHOLS  WITH  UREA 


O.  S.  Urban skaya 

Military  Academy  of  Chemical  Defense 


The  reaction  of  tertiary  alcohols  with  urea  has  been  proposed  for  the  synthesis  of  alkyl  ureas  [1],  which  after 
alkaline  hydrolysis  in  ethylene  glycol  medium  are  easily  converted  to  primary  amines,  with  tertiary  alkyl  groups 
on  the  nitrogen  [2],that  are  now  not  readily  available.  The  reaction  mentioned  was  recommended  [1]  for  tert- 
butyl  and  tert-amyl  alcohols  and  methyldiethylcarbinol. 

The  purpose  of  our  Investigation  was  to  ascertain  whether  the  method  under  consideration  is  general  for 
tertiary  alcohols.  By  the  investigation  of  various  carbinols  we  were  able  to  ascertain  (see  Table  1)  that  only  the 
simplest  representative  of  the  alcohols  with  one  methyl  group  on  the  tertiary  carbon  reacts  with  urea.  Alcohols 
with  two  methyl  groups  on  the  carbinol  carbon  react  within  considerably  wider  limits,  but  here  also  there  are  re¬ 
strictions  in  connection  with  the  nature  of  the  third  hydrocarbon  group  X.  If  X*  phenyl  or  benzyl,  then  the  re¬ 
action  with  urea  practically  does  not  go  (alcohols  4  and  5).  If  X  =  a  normal  alkyl  or  has  a  branch  at  the  end  of 
the  chain,  then  the  tertiary  alcohol  reacts  well  with  urea,  although  the  yields  of  alkylurea  decrease  with  the 
lengthening  of  the  chain  (alcohols  6-11).  If  X  =  a  secondary  radical,  then  the  reaction  goes  poorly;  thus,  [dl- 
methylXlsopropyl)methyl]urea  (from  alcohol  12)  was  obtained  In  l/5th  the  yield  of  [(dimethyl)(propyl)methyl]- 
n^ea  (from  alcohol  7),  and  the  yield  of  [(dImethylXcyclohexyl)methyl]urea  (from  alcohol  13)  proved  to  be  in¬ 
significant.  Alcohols  in  which  the  carbon  connected  with  the  carbonyl  is  quaternary  (alcohols  14,  15)  do  not  in 
general  react  In  the  manner  specified  (see  Table  1). 

TABLE  1 

Yields  of  Alkylureas  Obtained  from  Tertiary  Alcohols 

R*JC-on  — U'-C-NIICONH, 

R"/  R"^ 


Expt. 

No. 

R 

R' 

R" 

Yield 
(in  %) 

1 

dig 

f*2 1  *  5 

dUg 

34.7 

2 

CHg 

n  -Ggll, 

n  -Cgll7 

— 

3 

dig 

n  -G4I4 

n  -C4IIU 

— 

4 

ClI, 

Cllg 

^ 1 

— 

5 

GIL, 

dig 

CollgCll.. 

— 

6 

dig 

Cllg 

64.6  ♦ 

7 

dig 

Cllg 

n  -Cgllv 

54.1 

8 

dig 

Cllg 

n  -C^IIj, 

39.2  ♦♦ 

n 

dig 

Cllg 

1  [  II 

32.0 

10 

dig 

CII, 

n  -C,.|I,g 

31.6 

11 

dig 

Cllg 

n  -C7II15 

29.2 

12 

dig 

Cllg 

iso  -Cgll7 
/CHg-ClIav 
CII.<  >HI 

■NDIlg-dl./ 

10.24 

13 

dig 

Cllg 

0.54 

14 

dig 

Cllg 

C(dlg)g 

— 

15 

GlI;, 

(’2II5 

C(Cll3)g 

♦Prepared  by  the  reaction  of  cyanamide  and  trlmethylethylene 
with  60%  yield  and  m.p.  156-158"  [3]. 

•  •  Prepared  by  the  reaction  of  cyanamide  and  2-methylhexene- 
2  with  12%  yield  and  m.p.  102*  [4]. 
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dimethylcyclohexylcarbinol  is  157-158*  [8]. 


The  most  Important  factor  determining  the  capacity  of  tertiary  alcohols  to  alkylate  urea  Is  apparently 
their  greater  or  less  tendency  toward  the  competing  dehydration  reaction  with  the  formation  of  unsaturated  hydro¬ 
carbons  ( the  reactions  are  carried  out  In  concentrated  sulfuric  acid  medium).  As  Is  known,  the  ability  of  al¬ 
cohols  to  dehydrate  Increases  with  the  extent  of  replacement  of  he  hydrogens  of  the  carbinol  by  less  electro¬ 
philic  alkyls  and  becomes  greatest  In  the  tertiary  alcohols.  It  may  be  assumed  that  by  replacing  the  more  elec¬ 
trophilic  radicals  in  the  tertiary  alcohols  by  less  electrophilic  ones  —  according  to  the  series  H>CH3>CjH5> 
>CH(CHj)2>CH2CH2CH3>C(CHj)8  f51~  the  tendency  to  dehydration  will  also  Increase. 

Actually,  as  can  be  seen  from  the  data  of  Table  1,  the  yield  of  alkylureas  decrease  from  alcohol  6  to  alco¬ 
hol  11  and  reach  zero  for  alcohols  14  and  15.  When  two  alkyl  radicals  less  electrophilic  than  methyl  are  pres¬ 
ent  on  the  carbonyl  group,  the  yields  of  alkylurea  sharply  decrease  (alcohols  1-3).  The  low  yield  of  alkylureas 
In  the  case  of  alcohols  12  and  13  can  be  explained  by  the  knownphenomenonof  the*,  easy  dehydration  of  second¬ 
ary  alkylcarblnols  in  comparison  with  primary  alkylcarblnols.  Finally,  alcohols  4  and  5  practically  do  not  react 
with  urea  because  their  dehydration  leads  to  the  formation  of  energetically  advantageous  conjugated  systems. 

[(DimethylXethyl)-,  [(dImethyl)(ptopyl)-,  [(dImethylXbutyl)-,[(dImethylXhexyl)-,  and  [dimethyl Xheptyl) 
methyljureas were  converted  by  us  to  the  corresponding  amines. 

EXPERIMENTAL 

(Carried  out  with  the  assistance  of  L.  N.  Chusbva) 

Preparation  of  tertlary-alkylureas.  To  a  flask  containing  sulfuric  acid  (2  moles),  and  fitted  with  a  stirrer, 
dropping  funnel,  and  thermometer,  was  gradually  added  ground  urea  (1  mole)  and  then  tertiary  alcohol  (2  moles) 
at  such  a  rate  as  to  hold  the  temperature  at  20-25".  After  this, the  reaction  mixture  was  stirred  for  some  time 
and  allowed  to  stand  at  room  temperature.  The  contents  of  the  flask  either  was  a  homogeneous,  semitransparent, 
brown  mass  or  formed  two  layers,  the  upper  one  of  which  —  transparent  and  colorless  In  the  main  —  consisted  of 
unsaturated  hydrocarbon  and  contained  no  alkylurea. 

The  whole  reaction  mass  (or  Its  lower  layer)  was  poured  Into  2.5-3  volumes  of  water,  and  NaOH  solution 
(20  %)  was  added  until  there  was  a  weak  alkaline  reaction.  The  alkylurea  that  separated  upon  this  treatment 
formed  thin,  colorless  crystals,  mixed  with  more  or  less  oil.  The  crystals  after  filtration  by  suction  and  washing 
with  water  and  ether  were  sufficiently  pure  to  be  used  for  preparation  of  the  amines.  The  oil  consisted  of  a  mix¬ 
ture  of  the  starting  carbinol  and  unsaturated  hydrocarbon. 

Synthesis  of  [(dImethylXhexylmethyl|urea.  105  ml  of  H2SO4,  60  g  of  urea,  and  288  g  of  dlmethylhexyl- 
carblnol  under  the  conditions  described  above  formed  a  reaction  mixture  that  separated  Into  two  layers.  From 
the  upper  layer  (63.8  g)  there  was  distilled  off  a  product  (33.5  g)  that  gave  a  positive  qualitative  reaction  for  an 
ethylenic  bond  and  boiled  at  141-146’  •  and  51-56’  (18  mm). 

[(Dimethyl Xhexyl)methyl]urea  (50.6  g)  was  obtained  from  the  lower  layer  of  the  reaction  mixture  together 
with  a  yellow  oil  that  upon  standing  yielded  crystals  of  alkylurea  (8.2  g)  with  m.p.  109-113’.  Total  yield  3L6 
The  product  dissolved  very  readily  in  alcohol  and  acetone,  less  readily  In  dioxan,  poorly  In  ether  and  benzene, 
and  very  poorly  In  water.  The  pure  compound  melted  at  120-12T. 

Found  ^0:  N  15.14.  C10H20O2.  Calculated  <7o:  N  15.20. 

The  yellow  oil  (103. 1  g)  upon  vacuum  fractional  distillation  yielded  a  mixture  (30  g)  of  alkene  and  the 
starting  alcohol  (with  a  predominance  of  the  former  with  b.p.  55-7ff  at  18  mm),  and  a  mixture  (43.6  g)  of  the 
same  products  with  a  predominance  of  the  latter  with  b.p.  73-86’  at  12  mm.  The  residue  (28  g)  was  a  thick, 
tarry  mass. 

The  experiments  on  the  preparation  of  the  other  alkylureas  are  presented  in  Table  2. 

Reaction  of  methyldlpropylcarblnol  with  urea  and  sulfuric  acid.  •  When  13  g  of  methyldipropylcarblnol 
was  added  to  a  mixture  of  5.5  ml  of  sulfuric  acid  and  3  g  of  urea,  the  evolution  of  heat  was  scarcely  noticed. 

After  the  reaction  mixture  had  been  stirred  for  2  hours,  poured  into  water,  and  neutralized,  8  g  of  a  colorless 
oil  separated  that  distilled  at  116-120'  almost  without  residue  (b.p.  of  4-methylheptene-3  Is  115-120*  [9]). 


Preparation  of  amines.  In  a  round -bottomed  flask  fitted  with  a  reflux  condenser  was  placed  a  solution  of 
sodium  hydroxide  (0.15  mole)  In  water  (7.5  ml),  tertiary  alkylurea  (0,06  mole),  and  ethylene  glycol  (22.5  ml); 
the  mixture  was  boiled  f<x  4  hours.  On  cooling,  the  amine  obtained  and  the  water  were  distilled  off  from  the 
reaction  vessel.  The  aqueous  layer  was  saturated  with  alkali,  the  amine  was  separated  and  dried  with  solid  NaOH, 
and  then  distilled  at  ordinary  pressure.  The  results  are  given  in  Table  3. 


TABLE  3 

Preparation  of  Amines  from  Alkylureas 


Amine 

Bolling  point 

Yield  (In  %) 

C,H5C(CH,),NHj . 

74-7gr 

82.8 

n  -C5H,C(CHj),NH, . 

101-103 

62.5 

n  -C4HjC(CH3)2NH2 . 

124  -  127 

63.2 

n  -CeHx/:(CH5)jNH2 . 

170  -  174 

63.4 

n  -CtHbC(CH5)jNHi . 

188  -  192 

61.5 

SUMMARY 

1.  A  number  of  mono-tert-alkylureas  have  been  synthesized.  In  this  process,  the  capacity  of  tertiary  al¬ 
cohols  of  different  structures  to  alkylate  urea  has  been  studied,  as  a  result  of  which  the  limits  of  usefulness  of  this 
reaction  have  been  ascertained  to  a  great  extent. 

2.  The  following  new  compounds  have  been  described;  [(dlmethylXn-propyl)-,  [(dimethyl Klsopropyl)-, 
[(dlmethylXlsoamyl)-,  [(dlmethyl)-(n-hexyl)-.  [(dlmethylXn-heptyl)-,  [(dlmethyl)-(cyclohexyl)-,  and  [(methyl) 
(diethyl )methyl]ureas,  and  [(dImethylXn-heptyl)methyl]amIne. 
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•B.p.  of  2-methyloctene-l  is  141.5-142f  [6);  of  dimethylhexylcarbinol.BT  (13  mm)  [7]. 

•  •  Similar  results  were  obtained  in  experiments!  with  methyldibutyl-,  dimethylphenyl  -,  dimethylbenzyl-,  dimethyl 
tert-butyl-,  and  methylethyl-tert-butylcarbinols. 
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SYNTHESIS  OF  ETHYL.  ISOPROPYL.  n-PROPYL,  ISOBUTYL.  n-BUTYL 
AND  ISOAMYL  CROTYL  ACETALS 


B.  1.  Mikhant’ev  and  E.  A.  Pryakhina 
Voronezh  State  University 


The  acetals  of  unsaturated  ethylenic  aclohols  (I)  have  been  little  studied.  However,  they  can  be  used  for 
various  chemical  conversions.  The  present  investigation  had  as  its  objective  the  synthesis  of  acetals  from  crotyl 
alcohol  and  vinyl  alkyl  ethers  according  to  the  following  scheme 


/OH 

CH3CII=CHCH20H  4  CH2=CH0R  ->  CH3CH<5 

\CH2CH=CHCH, 

(I) 

H— C2HJ;,  isO“C3H7,  n  ”03ii7»  iso  n  ”C4Hg  and  iso^CgHu. 

The  addition  of  crotyl  alcohol  to  the  vinyl  alkyl  ethers  proceeds  with  the  evolution  of  heat.  30*70  hydro¬ 
chloric  acid  was  used  as  the  catalyst.  The  ethyl,  Isopropyl,  n-propyl,  isobutyl,  n-butyl,  and  isoamyl  crotyl 
acetals  prepared  were  colorless,  mobile  liquids  with  a  pleasant  odor.  Quantitative  hydrogenation  of  the  acetals 
[1]  confirmed  the  presence  in  them  of  one  double  bond.  'I  he  hydrogenation  products  isolated  had  constants 
close  to  those  described  in  the  literature  [2].  The  purity  of  the  acetals  was  determined  by  preparation  of  the 
oximes  [3]. 


EXPERIMENTAL 

The  starting  vinyl  ethers  were  prepared  by  vinylation  of  the  corresponding  alcohols  by  the  method  of 
Favorskii  and  Shostakovskil  [4].  Crotyl  alcohol  (b.p  120-122*.  np*”  1.4280)  was  prepared  by  hydrolyzing. with 
a  10*70  sodium  carbonate  solution,  the  bromide  obtained  by  the  hydrohalogen  a  tion  of  divinyl  in  glacial  acetic 
acid  [7], 

Synthesis  of  ethyl  crotyl  acetal  In  a  three-necked  flask  fitted  with  a  thermometer,  a  stirrer,  and  a  reflux 
condenser  with  a  calcium  chloride  tube  were  placed  10  g  of  crotyl  alcohol  and  20  g  of  vinyl  ethyl  ether  (b.p. 
35.5*,  0.7527,  np*®  1.3771).  The  vinyl  ethyl  ether  was  used  in  excess  so  that  the  unsaturated  alcohol 

would  react  completely.  0.010  ml  of  30*7o  hydrochloric  acid  was  added,  with  stirring.  The  temperature  rose 
spontaneously  to  40-65".  The  mixture  was  allowed  to  stand  overnight.  To  neutralize  the  hydrochloric  acid,  the 
reaction  mixture  was  stirred  with  potassium  carbonate  for  2-3  hours,  then  filtered,  and  distilled  twice  in  vacuo. 
14  g  (70*7))  of  ethyl  crotyl  acetal  was  obtained 

B.p.  46.5-48.5"  (13-14  mm).  d4*®  0.8505,  np*®  14148,  MRp  42.44;  calc.  41.96.  . 

Found ‘7ct  C  66.57,  67.05;  H  10.97.  11. 13.  M  146.3.  CgHj^j.  Calculated  *7<t  C  66. 62;  H  IL 18.  M  144.2. 

The  acetaldehyde  content  was  determined  in  the  acetals  by  preparation  of  the  oximes. 

Found  *7(t  acetaldehyde  98.4,  100.6. 
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Synthesis  of  isopropyl  crotyl  acetal.  The  reaction  was  carried  out  as  in  the  preceding  experiment.  By  the 
reaction  of  10  g  of  crotyl  alcohol  and  18  g  of  vinyl  isopropyl  ether  (b.p.  56-5T,  nj)*®!.  3863X  17.8  g  (80%)  of 
isopropyl  crotyl  acetal  was  obtained. 

B.p.  69-71*  (23  mm).  d4*®  0.8461,  n^*®  1.4156,  MR^  46.89;  calc.  46.58. 

Found  %  C  68.64,  68.58;  H  11.38,  11  20.  M  158.3C,H„0,.  Calculated  %  C  68.31;  H  11.46.  M  158.2. 

Found  %t  acetaldehyde  99  4,  99.8. 

Synthesis  of  n -propyl  crotyl  acetal.  By  the  reaction  of  10  g  of  crotyl  alcohol  and  18  g  of  vinyl  n -propyl 
ether  (b.p.  65-66*,  np*®  1.3923),  16.3  g  (74.1%)  of  n-propyl  crotyl  acetal  was  obtained. 

B.p.  78-80*  (23-24  mm),  d4*®  0.8516,  n^*®  1.4190,  MR^  46.92;  calc.  46.58. 

Found  %  C  68  53,  68.51;  H  11.22,  11.32.M  157.2.  Calculated  %t  C  68.31;  H  11.46.  M  158.2. 

Found  %  acetaldehyde  99.0,  98.9 

Synthesis  of  isobutyl  crotyl  acetal  By  the  reaction  of  8.4  g  of  crotyl  alcohol  and  12  g  of  vinyl  isobutyl 
ether  (b.p.  81-8?,  n^*®  1.3980),  13  g  (65%)  of  isobutyl  crotyl  acetal  was  obtained. 

B.p.  53-5^  (7  mm),  d^*®  0.8462,  n^*®  1.4207,  MRp  51.58;  calc.  51.20. 

Found  %  C  69.82,  69.53;  H  11.51,  11.61.  M  167.0.  CmHioO,  Calculated  %t  C  69.72;  H  11.76.  M  172.2. 

Found  %  acetaldehyde  99. 9,  99. 2. 

Synthesis  of  n -butyl  crotyl  acetal.  By  the  reaction  of  7  g  of  crotyl  alcohol  and  20  g  of  vinyl  n -butyl  ether 
(b.p.  93.5-94.5*,  d4^®  0.7790,  rip*®  1.4023),  11  g  (71.7%  of  n-butyl  crotyl  acetal  was  obtained. 

B.p.  69-71*  (9-10  mm),  d4*®  0.8493,  n^*®  1  4226,  MR^  51.60;  calc.  51.20. 

Found  %c  C  69.73,  70.09;  H  11.46,  11.71.  M  170.4.  CjbHioOi.  Calculated  %:  C  69.72;  H  11.76.  M  172.2. 

Found  %  acetaldehyde  101.8,  101.2. 

Synthesis  of  isoamyl  crotyl  acetal.  By  the  reaction  of  8.5  g  of  crotyl  alcohol  and  13.5  g  of  vinyl  isoamyl 
ether  (b.p.  109-llT,  n^^®  1.4071)  ,13.2  g  (60%)  of  isoamyl  crotyl  acetal  was  obtained. 

B.p.  65-66’  (5-6  mm),  d4*®  0.8500,  n^*®  1.4250,  MRp  56.03;  calc.  55.82. 

Found  %;  C  71.01,  71.22;  H  11.75,  11.68.  M  182.9.  CuHijOj.  Calculated  %  C  70.91;  H  11.90.M  186.2. 

Found  %  acetaldehyde  100.4,  100.4. 

Hydrogenation  of  the  acetals  was  carried  out  on  a  Raney  nickel  catalyst  with  vigorous  shaking.  After  the 
absorption  of  hydrogen  ceased,  the  product  was  washed  with  ether,  filtered  off  from  the  nickel,  and  fractionated 
in  vacuo. 

a)  When  2. 3  g  of  ethyl  crotyl  acetal  was  hydrogenated, 328  ml  of  hydrogen  (108%)  was  absorbed.  1. 1  g 
(41%)  of  ethyl  butyl  acetal  was  obtained 

B.p.  45*  (14-15  mm),  d4“  0.8266,  n^*®  1.3980,  MRj^  42.56;  calc.  42.43. 

According  to  [2,5]:  b.p  145-14r ,  d4“  0.8312,  nj)*®  1.3991. 

b)  When  2.8  g  of  isopropyl  crotyl  acetal  was  hydrogenated,  406  ml  of  hydrogen  (103%)  was  absorbed  in  2 
hours.  2  2  g  of  Isopropyl  butyl  acetal  (79.6%)  was  obtained. 

B.p.  64-6?  (23  mm).  d4*®  0.8212,  no*®  1.4000,  MR^^  47.30;  calc.  47.05. 

According  to  [2]:  b.p  156-15T,  d4^®  0.8239,  np*®  1.39985. 

c)  When  3  g  of  n-propyl  crotyl  acetal  was  hydrogenated,  438  ml  of  hydrogen  (103%)  was  absorbed  in 
3  hours.  2. 3  g  (77%)  of  n-propyl  butyl  acetal  was  obtained. 

B.p.  58-5?  (13  mm),  164-166’  d4*®  0.8283.  n^*®  1.4033,  MRp  47.24;  calc.  47.05. 
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According  to  [2];  b.p  160-165',  0.8292.  n^j*®  1.4038, 

d)  When  2.5  g  of  Isobutyl  crotyl  acetal  was  hydrogenated,  350  ml  of  hydrogen  (105‘7o)  was  absorbed  In  3 
hours.  1.9  g  (14.9%)  of  Isobutyl  butyl  acetal  was  obtained. 

B.p.  52-54"  (6-7  mm),  d^*®  0.8250,  np*®  1.4061,  MR^  51.89;  calc.  51.66. 

According  to  [2]:  b.p,  14-1  (18  mm),  d4*®  0.8235,  n^*®  1.4062. 

e)  When  2. 6  g  of  n-butyl  crotyl  acetal  was  hydrogenated,  371  ml  of  hydrogen  (107%)  was  absorbed.  0.72  g 
(31%)  of  dibutyl  acetal  was  obtained. 

B  p.  60-6?  (8-9  mm;td4*®  0.8298,  np*®  1.4090,  MR^  51.96;  calc.  51. 67. 

According  to  [6]  :  b.p.  185-18^,  d4*®  0.8351,  n^*®  1.4087. 

f)  When  3. 2  g  of  Isoamyl  crotyl  acetal  was  hydrogenated,  415  ml  of  hydrogen  (106%)  was  absorbed  In  3 
hours.  2.4  g  (73.2%)  of  Isoamyl  butyl  acetal  was  obtained. 

B.p.  62-63'  (5-6  mm),  d4^®  0.8295,  n^*®  1.4120,  MRq  56.48;  calc.  56.28. 

According  to  [2]:d4*®  0.8313,  n^*®  1.4120. 

SUMMARY 

Etliyl,  Isopropyl,  n-propyl.  Isobutyl,  n-butyl,  and  isoamyl  crotyl  acetals  have  been  prepared  and  character¬ 
ized. 
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STEREOCHEMISTRY  OF  THE  REACTION  OF  3  -  B  RO  MO  M  E  RC  U  RI - 


L-CAMPHOR  AND  3  -  B  RO  M  OM  E  RC  U  R I  -  D -C  A  MP  H  OR  WITH  SODIUM 
THIOSULFA  TE 

O.  A.  Reutov  and  I. u  Chin-chu 
Moscow  State  University 

It  has  been  established  by  A.  N.  Nesmeyanov,  S.  A.  Poddubnaya,  and  one  of  us  [1]  that  In  the  symmetrlza- 
tlon  of  the  dlastereomerlc  L-menthyl  esters  of  a-bromomercurlphenylacetlc  acid  with  ammonia  In  chloroform, 
which  is  an  electrophilic  substitution  on  a  saturated  carbon  atom,  the  stereochemical  configuration  Is  preserved. 

Study  of  the  kinetics  of  this  reaction  has  shown  [2]  that  It  Is  a  two^stage  process. 

(a)  2G9H5— GH-GOOR  GgHj— GH— GOOR 

I  I 

HgBr  Hg  +HgBr2(5E2) 

I 

GeHg— GH— GOOR 

(b)  IIgBr2  +  2NH3  HgBrg.fNHs)* 

The  first  stage  (a)  Is  a  bimolecular,  electrophilic  substitution  reaction 

In  the  present  communication  the  results  of  further  Investigation  of  the  stereochemistry  of  the  symmetriza- 
tion  reaction, as  represented  In  the  example  of  organomercuy  derivatives  of  camphor, are  reported. 

A  mixture  of  the  diastereomers  of  3 -bromomercuri-L -camphor  and  a  mixture  of  the  diastereomers  of  3- 
bromomercuri-L-camphor  and  a  mixture  of  the  diastereomers  of  3-mercurf-D-camphor  were  prepared  by 
mercuratlng  L-  and  D-camphor,  respectively,  with  K2Hgl4[3].  From  the  first  mixture  we  separated  by  fraction¬ 
al  crystallization  from  acetone  the  two  diastereomers  of  3-bromomercuri-L -camphor,  which  differed  from  each 
other  in  the  configuration  on  the  a-carbon  atom.  (I)  (m.p.  222 -22 3*,  [a]  30.T±  I.?);  (II)  (m.p.216- 

218“ ,  128*  i  1.  ).  From  the  second  mixture  we  separated  the  diastereomers  of  3-bromomercurI-D- 

camphor:  (III)  (m.p.  222-22^  ±  1.?);  (IV)  (m.p  216-218^,  fa]p“+  126.3*  ±  l.T).  The  dias¬ 

tereomers  (I)  and '(III)  were  more  stable  than  diastereomers  (II)  and  (IV).  Thus,  for  example,  dlastereomer  (I) 
was  not  converted  into  dlastereomer  (II)  to  an  appreciable  extent  even  in  boiling  xylene.  Diastereomer  (II), 
however,  was  partially  converted  Into  diastereomer  (I)  in  boiling  acetone. 

Only  sodium  thiosulfate  and  hydrazine  hydrate  proved  to  be  suitable  as  symmetrizing  agents  for  all  of 
these  organomercury  compounds,  since  the  other  usual  symmetrizing  agents  either  did  not  react  at  all  with 
these  organomercury  compounds  (ammonia),  or  brought  about  the  rupture  of  all  the  carbon  mercury  bonds 
(KI,  KOH,  KCNS,  Na^S,  Na^SnOj). 

The  symmetrlzatlon  of  the  diastereomer  (I)  of  3 -bromomercurl-L -camphor  ([a]  ^^*“29,5“  ±  1.1*)  with 
sodium  thiosulfate  (30%  excess)  was  carried  out  in  a  mixture  of  water  and  benzene  •  with  vigorous  stirring  for 
2  hours  in  the  cold.  After  the  reaction  was  ended,  the  benzene  layer  was  separated,the  benzene  was  evaporated 

•The  mercurybiscamphor  formed  gradually  is  decomposed  by  the  sodium  thiosulfate.  When  a  heterophase  system 
(benzene-water)  is  used,  the  symmetrical  organomercury  compound  formed  (considerably  more  soluble  in  ben¬ 
zene  than  the  unsymmetrical  compound )goes  into  the  benzene  layer  and  thus  is  preserved  from  decomposition. 
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In  the  cold,  the  solid  residue  was  washed  with  water,  and  then  with  ether  (to  remove  camphor).  •  After  recrystal - 
llzation  from  aqueous  dioxan  the  mercuribiscamphor  melted  at  229-230*  (decomp.)  and  had  [ot]  p**  “  165. ST i 
i  1.1*.  The  material  obtained  was  almost  exclusively  the  one  Isomer.  This  follows  from  the  fact  that  when 
unrecrystallized  mercuribis-  L-camphor  is  reacted  with  an  equimolecular  amount  of  an  alcoholic  solution  of 
hydrogen  bromide,  almost  pure  dlastereomer  (I)  of  3-bromomercuri-L-camphor,  after  washing  with  water  and 
ether,([a]  —  38.8*  ±  1. 8“  •  •)ls  formed. 

Under  identical  conditions,  the  symmetrizatlon  of  diastereomer  (III)  of  3 -bromomercurl-D -camphor  was 
carried  out.  When  the  mercuribis  -D-camphor  obtained  unrecrystallized)  was  reacted  with  an  equivalent 
amount  of  alcoholic  solution  of  hydrogen  bromide,  almost  pure  dlastereomer  (III)  was  formed  +  37.?  ± 

±2.T  after  washing  with  water  and  ether). 

It  should  be  noted  that  the  configuration  on  the  ot -carbon  atoms  of  the  mercuribiscamphor  is  more  easily 
changed  than  In  the  bromomercury  compounds.  Thus,  for  example.  2  hours'heating  in  aaueous  dioxan  of  the 
mercuribiscamphor  obtained  by  the  symmetrizatlon  of  pure  diastereomer  (I)  changed  the  mercuribiscamphor  so 
much  that  upon  treatment  with  hydrogen  bromide  a  mixture  of  dlastereomers  of  3-bromomercuri-L-camphor  was 
obtained  that  consisted  of  approximately  75%  dlastereomer  (I)  and  25%  diastereomer  (II).  When  the  mercuri  - 
biscamphor  was  recrystallized  from  aqueous  dioxan.  the  angle  of  rotation  of  the  compound  also  was  not  preserved, 
stereomer  (II).  When  the  mercuri -bis -camphor  was  recrystallized  from  aqueous  dioxan,  the  angle  of  rotation  of 

The  transformations  of  the  organomercury  derivatives  of  L-  and  D-  camphor  studied  by  us  can  be  sum¬ 
marized  by  the  following  diagram. 


54.9”  ±1.4" 


[a] '*♦37.2*  ±2.7“ 


hlo  +  28.7"  ±  1.2" 

From  the  results  stated  above  it  follows  that  the  symmetrizatlon  of  organomercury  salts  by  sodium  thio¬ 
sulfate,  which  is  an  electrophilic  substitution  reaction  on  a  saturated  carbon  atom,  takes  place  without  change 
in  the  configuration. 


•The  mecuri-bis-camphor  is  very  poorly  soluble  in  ether. 

•  •Even  if  the  excessive  angle  of  rotation  of  the  unrecrystallized  material  (-38  8*±  1.8"  instead  of  -29.5*  ±  LI*) 
was  entirely  due  to  contamination  with  the  second  diastereomer  of  3-bromomercuri-L-camphor  with 
“126’ ±  1.9"), still  the  amount  of  this  isomer  was  less  than  10%.  The  presence  of  this  contaminant  may  be  due 
to  the  fact  that  parallel  with  the  symmetrizatlon  reaction  in  the  weakly  alkaline  medium  of  the  aqueous  sodium 
thiosulfate  solution  there  occurs  a  much  slower  racemization  of  the  configuration  of  the  a-carbon  atom  of  the 
starting  compound  (diastereomer  I  or  III)  and  of  the  final  organomercury  compound 
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4.  Symmetrizatlon  of  mixture  of  diastereomers  of  S-bromomercuri-L -camphor  and  mixture  of  diastereo- 
mers  of  3-bromomercuri-P -camphor  with  sodium  thiosulfate.  50  ml  of  water  was  poured  over  10  g  of  3-bromo- 
mercurl-L-camphor  and  then  50  ml  of  benzene  was  added.  To  this  mixture  was  added  dropwlse,  over  a  period 
of  30  minutes  with  vigorous  stirring  in  the  cold. an  aqueous  solution  of  6  5  g  of  sodium  thiosulfate,  ( 12%  excess). 
The  3-bromomercurI-L -camphor  gradually  dissolved.  After  an  additional  1^  hours’  stirring,  the  benzene  layer 
was  separated  and  the  benzene  was  evaporated  to  dryness.  The  weight  of  3,3’ -mercuribls-L -camphor,  which  was 
a  white  crystalline'  powder,  was  4. 6  g  (79%).  After  two  recrystallizations  from  aqueous  dioxan  the  m.p.  was  200- 
210’  (decomp. ).  • 

Found  %  C  47.63,  47.79;  H  6.32,  6.10.  (CioH^Ol^Hg.  Calculated  %:  C  47.79,  H  6.01. 

The  symmetrizatlon  of  the  mixture  of  diastereomers  of  3-bromomercurl-D -camphor  was  carried  out  in  the 
same  way.  3,3’-MercurlbIs-D-camphor  after  two  recrystallizations  from  aqueous  dioxan  melted  at  200-211* 
(decomp. ). 

5.  Symmetrizatlon  of  diastereomer  (I)  of  3-bromomcrcurl-L -camphor  with  sodium  thiosulfate.  50  ml  of 
water  was  poured  over  10  g  of  3-bromomercurl-L-camphor  ([a]p“-  29.5*  ±  1.  T)  and  50  ml  of  benzene  was 
added.  To  this  mixture  was  added  dropwlse,  over  a  period  of  30  minutes  with  vigorous  stirring  In  the  cold,  an 
aqueous  solution  of  7.5  g  of  sodium  thiosulfate  (30%  excess).  After  li  hours’  additional  stirring,  the  benzene 
layer  was  separated  and  the  benzene  was  evaporated  to  dryness.  After  repeated  washing  of  the  3,3’-inercurIbls- 
L-camphor  with  water  and  then  with  ether,  4.7  g  of  the  compound  (79%)  was  obtained  with  m.p.  195-210*. 

After  recrystalllzatlon  from  30%  aqueous  dioxan  its  m.p.  was  229-232"  (decomp.)  and  [alj)^-165.9^  ±  1.1*  (c 

l. 76,  /  1.9,  a-3.75*  ±  0.05*). 

Found  %:  C  47.61,  47.77;  H  6.03,  6.05.  (CjoH^Olj  Hg.  Calculated  %:  C  47.69;  H  6.01. 

6.  Syi nmetrizatlon  of  diastereomer  (III)  of  3-bromomercurI-D -camphor  with  sodium  thiosulfate.  From 
8.0  g  of  3-broniomercuri-D-cainplior  (T alj) **  +  28.7"  il.  2°)  and  6. 1  g  of  sodium  thiosulfate  (30  %  excess)  there 
was  obtained  uiKler  tlie  conditions  of  tlie  preceding  experiment  3. 5  g  (75%)  of  3,3’-mercurIbIs-D-camphor  with 

m. p.  195-211".  After  recrystalllzatlon  from  aqueous  dioxan  the  m.p.  was  229-232“  and  [  163.5*  ±  1.1* 

(c  3.07,  I  1.9,  «+  7.r±  0.05"). 

7.  Reaction  of  3,3’-mercurIbIs-L-camphor  (obtained  by  symmetrizatlon  of  diastereomer  (I)  of  3-bromo- 


unrecrystalllzed  mercurlbis-D -camphor,  obtained  by  the  symmetrizatlon  of  diastereomer  (III)  of  3-bromomercurI- 
D-camphor  ([alp^®  +  28. 7*±  1.2")  with  sodium  thiosulfate,  was  dissolved  In  25  ml  of  methyl  alcohol.  To  this 
solution  was  added  dropwlse,  with  vigorous  stirring  in  the  cold  over  a  period  of  30  minutes,  8  ml  of  an  alcoholic 
solution  of  hydrogen  bromide  containing  0.32  g  HBr.  The  alcohol  was  evaporated  to  dryness  and  the  residue  was 
washed  with  ether  (5  ml)  to  remove  camphor.  1. 3  g  (74%  of  3-bromomercurI-D-camphor  was  obtained  with 
m.p.  192-210";  ra]p^®+  37.2"  ±  2.0T  (c  1.07,  I  1.9,  a+  0.7*  ±  0.05").  After  recrystalllzatlon  from  60% 
aqueous  dioxan,  diastereomer  (III)  of  3-bromomercurI-D -camphor  melted  at  222-223";  rot]£)^"+  32.  T  i  2.0* 

(c  1.29,  I  1.9,  a+  0.8*  ±  0.05"). 

•3,3’-Mercuribiscamphor  was  first  synthesized  by  Picon  [4];  however,  he  did  not  analyze  this  compound. 
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Found  C  27.87,  28.09;  H  3,60,  3.57.  CjoHigOHgBr.  Calculated  C  27.82;  H  3.50. 

9.  Change  In  the  configuration  on  the  a-carbon  atoms  upon  heating  3,3'-mercurlbis-L-camphor  (obtained 
by  the  symmetrization  of  diastereomer  (I)  of  3-bromomercuri-L -camphor  with  sodium  thiosulfate)  in  aqueous 
diox  an.  3  g  of  unrecrystalllzed  3,3’ -mercurlbls-L -camphor  was  dissolved  in  30  ml  of  30<^?j  aqueous  dioxan.  The 
solution  was  boiled  for  2  hours,  after  which  the  compound  was  bolated  by  evaporation  of  the  solvent. 

a)  1  g  of  the  material  (after  heating  in  the  aqueous  dioxan)  was  dissolved  in  25  ml  of  methyl  alcohol.  To 

the  solution  was  added  dropwlse,  with  vigorous  stirring  in  the  cold  over  a  period  of  30  minutes,  2.5  ml  of  an 
alcoholic  solution  of  hydrogen  bromide  containing  0.016  g  of  HBr.  The  alcohol  was  evaporated  and  the  dry 
residue  was  washed  with  water  and  ether,  0. 6  g  (72%)  of  3-bromomercuri-L-camphor  was  obtained  with  m.p. 
195-215*.  After  recrystallization  from  aqueous  dioxan  it  melted  at  217-219*,  -54.9*  ±  1.^  (c  1.53, 

I  1.9,  a  -L^  ±  0.05*). 

b)  2  g  of  mercurlbls-L -camphor  (after  heating  in  aqueous  dioxan)  was  recrystallized  from  25  ml  of  30% 

aqueous  dioxan.  The  compound  had  152. 1*  *  l.STfc  1.99,7  1.9,  a-5.75’  ±0.0?).  After  a  second 

recrystalllzatlon  from  25  ml  of  30%  aqueous  dioxan  the  value  was  [a]j)^  -220*  ±  2.?  (c  1.05, 7  1.9,  a -4. 4“  ± 

±  0.0?).  After  a  third  recrystalllzatlon  from  25  ml  of  30%  aqueous  dioxan  it  was  -236, ?  ±  2,4*  (c 

1.05,  7  1.9,  a -4.8?  ±  0.0?). 

Thus,  it  is  clear  that  3,3’-mercuribiscamphor  undergoes  a  change  in  configuration  on  the  a-carbon  atoms 
upon  heating  in  aqueous  dioxan  and  is  converted  into  a  mixture  of  the  diastereomers. 

SUMMARY 

1,  Both  diastereomers  of  3-bromomercurl-L-camphor  and  both  diastereomers  of  3-bromomercuri-D -cam¬ 
phor  have  been  prepared. 

2.  The  stereochemistry  of  the  symmetrization  reaction  of  the  more  stable  diastereomers  of  3-bromomer¬ 
curl-L-camphor  and  3-bromomcrcurl-D -camphor  with  sodium  thiosulfate  has  been  studied.  It  has  been  shown 
that  in  this  reaction,  which  is  an  electrophilic  substitution  reaction  on  a  saturated  carbon  atom,  the  configuration 
is  preserved. 
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MECHANISM  OF  THE  CONVERSION  OF  o  -  TOL  U  E  N  ES  U  LF  O  N  IC  ACID 
INTO  p -TOLUENESULFONIC  ACID 

Ya.  K,  Syrkin,  V.  I.  Yakerson,  and  S.  E.  Shnol 
Moscow  Institute  of  Fine  Chemical  Technology. 


In  previous  work  f  1]  the  question  has  been  raised  of  the  mechanism  of  migration  of  the  sulfo  group  In  the 
conversion  of  a-naphthalenesulfonic  acid  Into  8  -naphthalenesulfonic  acid.  It  has  been  shown  that  the  sulfo 
group  migrates  Intermolecularly,  although  in  experiments  with  94<yo  sulfuric  acid  the  results  were  somewhat  un¬ 
clear.  Hollemann  and  Calland  [2]  Investigated  the  conversion  of  o-toluenesulfonic  acid  Into  the  para^Isomer. 
These  authors  considered  that  the  process  takes  place  Intramolecularly,  and  not  through  hydrolysis  and  subsequent 
sulfonation  In  the  para-posItlon,  They  showed  that  in  this  process  there  was  no  desulfonatlon  because  desulfonatlon 
occurs  more  slowly  than  rearrangement  .  Furthermore,  sulfonation  yields  4%  of  the  meta -product,  which  was  not 
detected  by  them  in  this  reaction.  E.  A.  Shilov  and  F.  M.  Vainshtein  [3]  investigated  the  transition  of  the  ortho- 
isomer  to  the  para-isomer  at  120-121?’,  employing  labeling  with  radioactive  sulfur,  S*.  They  arrived  at  the  con¬ 
clusion  that  the  conversion  goes  intermolecularly  for  the  most  part.  In  the  work  of  these  authors,  however.  It  is 
Indicated  that  the  method  used  by  them  for  separating  the  ortho-  and  para-isomers  by  die  different  solubility  of 
dieir  barium  salts  did  not  permit  determining  the  specific  radioactivity  of  the  rearrangement  products  In  the 
Initial  stage  of  the  reaction.  We  have  shown  that  for  a  more  detailed  explanation  of  the  mechanism  it  Is  neces¬ 
sary  to  follow  the  conversion  from  the  very  beginning  of  the  reaction,  using  not  only  the  method  of  labeled  atoms, 
but  also  another  independent  and  sufficiently  accurate  method,  such  as  the  measurement  of  the  absorption  spectra. 

In  the  present  work  we  have  attempted  to  trace  the  course  of  the  conversion  of  o-toluenesulfonic  acid  to 
the  para -Isomer  in  different  media  with  the  aid  of  the  radlochromatographic  method  in  conjunction  with  spectro¬ 
photometry. 


EXPERIMENTAL 

To  prepare  the  pure  ortho-isomer,  toluene  was  sulfonated  with  96% sulfuric  acid  in  a  molar  ratio  of  1:5 
at  a  temperature  of  O’.  After  the  toluene  layer  had  disappeared,  the  mixture  was  poured  into  water,  the  p-tol- 
uenesulfonlc  acid  hydrate  was  separated  out,  and  the  filtrate  was  neutralized  with  barium  carbonate  and  concen¬ 
trated.  Separation  of  the  isomers  was  carried  out  by  means  of  their  barium  salts,  which  differ  in  their  solubility 
In  water  |4  |.  By  one  recrystallization  we  succeeded  in  obtaining  the  pure  barium  salt  of  the  ortho-isomer.  To 
check  the  purity  of  the  preparation,  the  salt  was  studied  with  the  microscope  and  it  also  was  converted  through 
the  potassium  salt  and  the  sulfonyl  chloride  to  o-toluenesulfonamide  with  m.p.  155",  which  agrees  well  with  the 
data  in  the  literature.  p-Toluenesulfonic  acid  was  prepared  either  by  recrystallization, at  0’  from  concentrated 
hydrochloric  acid, of  the  crude  compound  obtained  as  a  side  product  in  the  preparation  of  the  ortho-isomer,  or 
by  sulfonation  of  toluene  with  concentrated  sulfuric  acid  [5].  The  hydrate  of  pure  p-toluenesiifonic  acid  melted 
at  104-105". 

We  measured  the  ultraviolet- absorption  spectra  of  the  barium  salts  of  the  ortho-  and  para-isomers  in  an  SF-4 
photoelectric  speenrophotometer.  In  the  literature  we  found  no  data  on  the  ultraviolet  spectra  of  the  Isomers  of 
toluenesulfonic  acid  .except  for  one  publication  [6]  on  the  spectrum  of  the  sodium  salt  of  the  ortho-isomer  in  water. 
The  absorption  curves  for  the  barium  salts  of  the  ortho-  and  para-isomers  in  water  differ  substantially  in  the  2600- 
2800  A  region  and  have  an  isobestic  point  at  2505  A  (Fig.  1). 
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Fig.  1.  Ultraviolet  absorption  spectra; 

1)  barium  salt  of  o-toluenesulfonic  acid;  2) 
barium  salt  of  p-toluenesulfonlc  acid. 


We  checked  how  the  pure  solutions  of  the  barium 
salts  of  the  ortho-  and  para-  Isomers  and  their  mixtures 
obeyed  Beer’s  law  In  the  concentration  range  0.08-0.6 
g/ liter  used  by  us  in  the  spectrophotometrlc  measurements. 
No  deviations  from  Beer ’s  law  were  noted.  Using  the  data 
obtained  on  the  intensity  of  absorption  of  the  pure  barium 
salts  of  the  ortho-  and  para -Isomers,  we  derived  the  follow¬ 
ing  formula  for  calculating  the  percentage  content  of  p- 
toluenesulfonic  acid  in  a  mixture  of  the  isomers; 


(l  .422-0.382  .100, 


where  d*®™  and  d*®®®  are  the  optical  densities  of  the  mixture 
at  2670  and  2505  A,  respectively. 


background 


Fig.  2.  Data  from  chromatographic  analysis  of  mixtures  of  un¬ 
labeled  o-  or  p-toluenesulfonic  acid,  H2SO4  and  Na2S®®04  after 
heating  at  llO"; 

1)  ortho-,  1-hour  heating;  2)  ortho-,  2  hours;  3)  ortho-,  8 
hours;  4)  ortho-,  12  hours;  5)  para-,  2  hours;  6)  para-,  8  hours; 
7)  para-,  10  hours;  ordinate,  number  of  impulses  per  minute 
(1  division  equals  64  impulses  per  minute);  abscissa,  Rf  value; 

Rf  of  sulfate  0.05;  R^  of  o-  and  p-toluenesulfonic  acid  0.75. 


To  clarify  the  mechanism  of  the  conversion  of  o-toluenesulfonic  acid  to  p-toluenesulfonic  acid,  we  carried 
out  three  series  of  experiments.  In  the  first  series  0. 5  g  of  o-  or  p-toluenesulfonic  acid  was  heated  in  1  ml  of 
95*^  sulfuric  acid  at  80  and  110”  ±  T.  The  proportions  by  weight  of  o-  or  p-toluenesulfonic  acid,  sulfuric 
acid,  and  water  were  1;  3. 5  :  0.2,  and  the  molar  proportions  were  1;  6.2  ;  2.1.  In  parallel  tests,  a  solution  of 
Na2S*®04  with  an  activity  of  200  fj  C  was  first  added  to  a  test  tube  and  evaporated  to  dryness.  Then  the  ortho- 
or  para-  acid  and  H2SO4  were  added  to  it  in  the  above-mentioned  proportions.  After  certain  intervals  of  time 
a  1-ml  sample  was  taken  from  the  sulfo  mixture  and  diluted  with  water.  In  the  experiments  where  radioactive 
material  was  not  added,  the  samples  taken  were  neutralized  with  barium  carbonate;  the  barium  sulfate  was 
separated  out  by  centrifuging,  and  the  filtrate,  which  contained  the  barium  salts  of  the  ortho-  and  para-  isomers, 
was  examined  spectrophotometrically.  In  experiments  where  radioactive  material  was  added,  the  samples  taken 
were  neutralized  with  sodium  hydroxide  to  phenolphthalein,  then  0. 1  ml  of  the  mixture  was  applied  In  series  to 
a  chromatogram  .  We  used  one -dimensional,  descending  chromatography  on  paper.  Good  separation  of  the 
sulfonic  acid  spots  from  the  sulfate  was  obtained  by  using  a  mixture  of  butanol,  pyridine,  concentrated  aqueous 
ammonia  solution,  and  water  in  the  proportions  40 ;  40:  10;  30,  and  also  with  a  mixture  of  methanol,  concentrated 
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aqueous  ammonia  solution,  and  water  In  the  proportions  80  :  10  :  10.  After  the  separation  was  completed,  when 
the  solvent  front  had  passed  through  35-45  cm  on  the  paper,  the  chromatogram  was  withdrawn  from  the  chamber 
and  dried.  The  radioactivity  was  determined  along  the  course  of  the  spots, one  after  another,  over  the  length  of 
the  chromatogram,  by  means  of  an  open-end  counter  covered  with  a  lead  plate  with  an  aperture  1  x  2.5  cm. 
The  results  of  the  readings  were  plotted  on  a  graph  (radioactivity  on  the  ordinate  axis  In  Imp  /min.  and  Rf  on 
the  abscissa  axis).  The  results  of  the  chromatographic  analysis  of  the  experiments  are  presented  In  Fig.  2. 


From  the  analysis  of  the  chromatograms  It  can  be  seen  that  It  was  possible  to  separate  the  toluenesulfonlc 
acids  from  the  Inorganic  sulfate.  The  radioactive  sulfate  remained  In  place,  and  the  o-and  p-toluenesulfonlc 
acids  moved  the  same  distance.  A  gradual  Intrusion  of  the  radioactive  sulfate  from  the  medium  Into  the  ortho- 
and  para-  acids  took  place.  The  ratio  of  the  activities  of  the  spots  of  the  sulfonic  acids  and  of  the  sulfate  on 
the  chromatogram  was  determined  by  measurement  of  the  areas  under  the  curves  on  the  graph.  From  the  rela¬ 
tion  of  the  activities  of  the  spots  It  was  possible  to  estimate  the  degree  of  Intrusion  of  the  radioactive  sulfate 
from  the  medium  Into  the  ortho-  and  para-  Isomers  and  the  extent  of  Intermolecular  conversion  The  degree  of 
conversion  was  determined  from  the  data  of  the  radiochromatographIc  analysis  with  an  accuracy  of  ±  3% .  The 

total  conversion  Independent  of  the  mechanism  was  determined  spectro- 
photometrlcally.  The  degree  of  conversion  was  measured  by  the  ultra¬ 
violet-absorption  spectra  with  an  accuracy  of  iO.  b'Va  The  data  on  the 
conversion  of  the  ortho-isomer  to  the  para-  Isomer,  and  also  on  the  re¬ 
verse  conversion,  calculated  from  the  spectra  and  the  radiochromatographIc 
analysis  ,  were  plotted  on  a  graph  where  the  ordinates  were  the  percent  of 
conversion  and  the  abscissas  the  time  In  hours.  In  Fig.  3  are  shown  the 
results  of  the  experiments  at  110*. 

As  can  be  seen,  the  total  conversion  does  not  coincide  with  the  Inter¬ 
molecular.  The  sulfo  group  migrates  from  the  ortho-  to  the  para  -  position 
not  only  according  to  the  intermolecular  mechanism,  but  also  Intramolec- 
ularly.  Thus,  for  example.  In  two  hours  the  total  conversion  is  36%  but 
that  by  the  Intermolecular  mechanism  Is  only  10%.  Consequently,  the 
intramolecular  conversion  in  this  time  amounts  to  26%  Only  In  a  condi¬ 
tion  close  to  equilibrium  do  the  two  curves  coincide.  When  the  para-  Iso¬ 
mer  is  converted  to  the  ortho-  isomer,  the  process  proceeds  considerably 
more  slowly.  In  this  case  the  hydrolysis  of  the  sulfo  group  with  subsequent 
resulfonation  to  the  more  stable  position,  namely  to  the  same  para -position, 
results  mainly  in  exchange  with  the  medium,  and  not  conversion  of  the 
para-  isomer  to  the  ortho-isomer.  The  curve  calculated  from  the  radio- 
chromatographic  analytical  data  lies  wholly  below  the  curve  calculated 
from  the  ultraviolet  spectra.  At  80*  (Fig.  4),  where  the  rate  of  conver¬ 
sion  Is  considerably  less,  the  same  differences  are  observed.  The  sulfo 
group  migrates  to  the  para-positlon  both  intramolecularly  and  intermolec- 
ularly.  It  is  interesting  to  note  that  the  Intramolecular  conversion  out¬ 
strips  the  exchange  reaction  to  a  particularly  great  extent  In  the  first  hours 
of  the  experiment. 

In  the  second  series  of  experiments  o-  toluenesulfonlc  acid  was  heated 
at  110*  In  77%H3P04.  The  proportions  by  weight  of  o-  toluenesulfonlc  acid, 
H3PO4  ,  and  H2O  were  1;  18:  5.5,  and  the  molar  porportlons  were  1:31.  6: 
:52. 5.  After  certain  intervals  of  time,  1-ml  samples  were  taken,  which 
were  treated  as  in  the  first  series  and  then  subjected  to  spectrophotometrlc 
examination.  In  8  hours  the  para-  Isomer  content  amounted  to  11%,  In  16 
hours  It  was  20%,  and  In  32  hours  It  was  31%  It  might  be  supposed  that  in  H3PO4  medium  the  sulfo  group  com¬ 
pletely  splits  off  and  the  sulfuric  acid  forms  sulfonates  in  the  para-  position.  However,  in  this  case  the  concen¬ 
tration  of  sulfuric  acid  would  be  2.5%  Spectrophotometrlc  analysis  showed  that  the  concentration  of  ortho-isomer 
decreases  during  the  reaction,  apparently  as  a  result  of  hydrolysis.  In  8  hours  hydrolysis  proceeds  to  the  extent  of 
32%  In  16  hours  56%  and  In  32  hours  65%.  Thus,  In  8  hours  the  concentration  of  para-  isomer  amounts  to  7.5% 
of  the  Initial  concentration  of  ortho-  Isomer,  in  16  hours  8.8%  and  In  32  hours  10.4% 


Fig.  3.  Data  on  the  reciprocal 
conversion  of  o-  and  p-toluene¬ 
sulfonlc  acids  at  110*:  1)  ortho- 
to  para-  Isomer  In  sulfuric  acid 
medium  (from  UV  spectra);  2) 
ortho-  to  para-  Isomer  in  sul¬ 
furic  acid  medium  (from  radio¬ 
chromatographIc  analysis);  3) 
para-  to  ortho-  Isom  a:  in  sul¬ 
furic  acid  medium  (from  UV 
spectra);  4)  para-  to  ortho- Iso¬ 
mer  in  sulfuric  acid  medium 
(from  radiochromatographIc 
analysis);  5)  ortho-  to  para- 
isomer  In  orthophosphoric  acid 
medium  (from  UV  spectra). 


Fig.  4.  Data  on  reciprocal  conversion 
of  o-  and  p-toluenesulfonic  acids  at  80*. 
1)  ortho-  to  para-  isomer  in  sulfuric 
acid  medium  (from  UV  spectra);  2) 
ortho-  to  para-  isomer  in  sulfuric  acid 
medium  (from  radiochromatographic 
analysis):  3)  para-  to  ortho-isomer  in 
sulfuric  acid  medium  (from  UV  spec¬ 
tra);  4)  para-  to  ortho-  Isomer  in 
sulfuric  acid  medium  (from  radio  - 
cluomatographic  analysis). 


In  a  third  series  of  experiments  0. 13  g  of  the  barium  salt  of 
ortho-toluenesulfonic  acid  was  dissolved  in  5  ml  of  anhydrous 
glycerin  and  heated  at  110*  for  214  hours.  Spec trophotome trie 
analysis  showed  the  absence  of  any  change  in  the  starting  material. 

Thus,  our  experiments  show  that  in  the  first  hours  of  the  re¬ 
action.  rearrangement  proceeds  intramolecularly  to  a  considerable 
degree.  Hydrolysis  and  resulfonation  further  lead  to  a  shift  of  the 
sulfo  group  by  the  intermolecular  mechanism  also,  and  the  specific 
radioactivity  of  the  rearrangement  product  becomes  equal  to  the 
specific  radioactivity  of  the  sulfo  mixture  at  the  moment  of  equilib¬ 
rium.  We  should  note  that  in  a  recently  published  study  by  F.  M. 
Vainshtein  and  E.  A.  Shilov  [7]  devoted  to  the  mechanism  of  rear¬ 
rangement  of  a-naphthalenesulfonic  acid  to  the  6  -isomer  it  was 
found  that  the  process  takes  place  intramolecularly  In  part  (20-30‘7o). 


DISCUSSION  OF  RESULTS 

Intermolecular  reaction.  As  our  experiments  show,  the 
ortho-para  conversion  proceeds  through  the  medium,  l.e.  Intermolec- 
ularly,  apparently  through  desulfonation  and  subsequent  resulfona¬ 
tion  in  the  para -position.  We  think  that  this  reaction  proceeds 
through  cyclic  active  complexes.  We  point  out  that  an  exchange 
of  hydrogen  between  benzene  and  deuterated  sulfuric  acid.  In  all 
probability,  takes  place  in  a  similar  way  (1). 


or” . 


0- 


(1) 


A  slx-membered  active  complex  is  more  likely  than  a  four-membered  one  because  oxygen  in  the  S  =  O 
bond  is  much  more  polar  than  oxygen  in  the  S-O-H  bond.  This  contributes  to  easier  breaking  away  of  the  hydro¬ 
gen  from  the  benzene.  In  this  connection  it  may  be  thought  that  in  sulfonation  the  splitting  off  of  hydrogen  is 
not  the  limiting  stage,  as  it  is  in  the  nitration  of  aromatic  compounds.  The  authors  who  have  investigated  the 
mechanism  of  sulfonation  Indicate  the  essential  significance  of  sulfur  trioxide  [8].  E.  A.  Shilov  [9]  first  proposed 
a  slx-membered,  cyclic  active  complex  with  SOj  participating,  according  to  diagram  (2). 


CX 


S0j=f0.. 

H . 050, H 


(2) 


Under  conditions  where  the  experiment  is  carried  out  in  strong  sulfuric  acid  solution,  the  sulfonating  agent 
is  the  solvate_S03  molecule.  The  condition  of  the  SO,  in  solution  can  be  represented  in  the  form  of  an  ion  pair 
HSO,  .  .  .  HSO4  or  H2S2OJ,  which  is  obtained  by  scheme  (3). 


‘’••0=T= 


”'-0 


H2Si07 - -  HSO, . HSO4 


(3) 


It  is  material  that  the  ions  HSO, 
reaction  (4X 


and  HSO4  can  form  in  strong  sulfuric  acid  also  as  the  result  of  another 


192 


2H2SO4 H3S0++ nso,  (4) 

i 

nso++HjO 


rhis  explains  the  fact  that  sulfur  trIoxIde  promotes  the  reaction,  but  Is  not  a  necessary  condition  for  Its 
occurrence.  The  active  complex  In  sulfonatlon  can  be  represented  by  diagram  (5). 


CX' 


,0H 


OH 


(5) 


At  the  same  time,  as  Indicated  above,  the  splitting  out  of  hydrogen  does  not  limit  the  reaction.  On  the  principle 
of  microscopic  reversibility,  desulfonatlon  also  goes  according  to  diagram  (5).  The  subsequent  sulfonatlon  by 
virtue  of  kinetic  principles  goes  predominantly  in  the  para-position 

Intramolecular  migration  of  the  sulfo  group.  Conversion  of  the  ortho-  Isomer  to  the  para-  isomer  without 
the  participation  of  the  medium  might  take  place  as  a  result  of  bimolecular  reaction  of  two  molecules  of  o- 
toluenesulfonlc  acid  with  redistribution  of  the  two  sulfo  groups  and  two  atoms  of  hydrogen.  However,  such  a 
complex  rearrangement  at  one  stroke  is  very  improbable,  particularly  on  steric  principles. 

In  our  work  it  has  been  shown  that  the  process  goes  intramoleculaily  to  a  considerable  extent.  The  question 
arises  as  to  the  detailed  mechanism  of  this  reaction.  Dewar  [10]  assumed  the  formation  of  a  complex  according 
to  scheme  (6). 


In  the  7r  -complex  hypothesis  It  is  assumed  that  the  electron  pair  of  the  ir  -bond  manifests  donor  properties 
relative  to  the  positive  Ion  or  group,  which  are  acceptors.  An  isolated  ir -bond  in  a  number  of  instances  actually 
shows  such  donor  properties  to  a  considerable  degree.  We  point  out,  for  example,  that  the  dielectric  polarization 
of  iodine  In  cyclohexane  is  31cm®,whlle  in  cyclohexene  it  is56  cm.®  This  Is  connected,  no  doubt,  with  the  forma¬ 
tion  of  a  strongly  polarized  tt  -complex.  But  the  n  -bonds  of  the  benzene  ring  are  not  capable  of  yielding  sig¬ 
nificantly  polarized  rr -complexes,  first  of  all  because  In  benzene  there  are  no  Isolated  tt -bonds  and  the  six  elec¬ 
trons  move  Into  a  field  of  six  centers.  Actually,  the  dielectric  polarization  of  Iodine  in  benzene  Is  39cm^,I.e. , 
very  much  less  than  in  cyclohexene.  Furthermore,  in  the  framework  of  ideas  of  the  usual  n -complex  it  Is  not 
clear  why  the  sulfo  group  on  the  way  from  the  ortho-position  to  the  para  passes  up  the  meta-  position. 

In  connection  with  this,  we  think  of  the  structure  of  the  Intermediate  complex  in  the  migration  process 
somewhat  differently.  The  necessity  of  an  acid  medium  for  the  transfer  of  the  sulfo  group  can  be  explained  by 
the  fact  that  the  group  adds  a  proton  and  reacts  In  form  (7). 


/ — 

\ _ /  I  ^011 

oil 


(7) 


If  we  consider  that  the  S=0  bond  Is  strongly  polar,  then  it  is  easy  to  see  that  sulfur  in  the  protonated  sulfo 
group  carries  a  considerable  positive  charge  (8). 


- V  ++ /O  (8) 

- ^  f  '^Ol 

Oil 
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This  promotes  the  strengthening  of  the  acceptor  properties  of  the  sulfur  in  relation  to  the  tt -electrons.  We 
further  think  that  in  the  process  of  migration,  the  sulfo  group  is  bound  not  with  any  one  ir  -bond,  because  of  the 
absence  in  benzene  of  Isolated  w  -bonds,  but  with  the  whole  system  of  t  -electrons  of  benzene.  It  is  possible  that 
In  migration  the  sulfo  group  is  bound  chiefly  with  the  ortho-  and  para -positions.  Inasmuch  as  these  positions.  In 
the  benzene  ring  because  of  the  presence  of  the  CHj  group,  are  the  places  with  an  increased  electron  density.  If 
so,  then  In  the  active  complex, the  SO3HJ  group  Is  located  under  the  plane  of  the  benzene  ring  with  a  sulfur  atom 
which  Is  on  the  perpendicular  dropped  from  the  center  of  the  ring  to  its  plane,  as  can  be  seen  from  diagram  (9). 


OH 


Because  of  such  a  configuration,  the  sulfo  group  can  most  easily  migrate  either  to  the  other  ortho-position 
or  to  the  para -position.  Combination  in  an  active  complex  by  reaction  with  the  tt -electron  system  of  the  benzene 
ring  contributes  to  lowering  the  energy  of  activation.  We  were  not  able  to  determine  with  sufficient  accuracy 
the  energy  of  activation  of  Intramolecular  conversion.  In  any  case,  for  the  initial  stage  of  the  reaction,  far  from 
equilibrium,  calculation  by  the  equation  for  a  unimolecular  reaction  with  an  exponent  of  the  order  of  10^®  shows 
tliat  the  energy  of  activation  does  not  exceed  30  kcaL  In  the  reaction  process,  as  can  be  seen  from  the  structure 
of  the  active  complex,  the  C-S,  C-H,  and  O-H  bonds  and  the  S=0  7r-bond  break.  In  their  place  appear  new 
C— S,  C— H,  Oid,  and  S  =  O  tt -bonds.  When  polar  bonds  are  present,  such  a  redistribution  represents  the  process 
with  the  least  structural  changes  and  the  lowest  energy  barrier.  In  the  reaction,  the  protonated  sulfo  group  pro¬ 
bably  gives  up  Its  hydrogen  to  the  carbon  that  previously  was  bound  with  the  sulfur  (the  ortho -carbon).  At  the 
same  time  the  hydrogen  from  the  para -position  becomes  bound  with  the  oxygen  of  the  S=0  group,  and  in  the 
vacant  place  on  the  para-  carbon  a  new  bond  with  sulfur  appears. 

We  think  that  similar  mechanisms  with  the  formation  of  Intermediate  complexes  in  which  reaction  occurs 
with  all  the  ir  -bonds  of  the  benzene  ring  are  characteristic  of  a  number  of  Jacobsen  reactions  and  other  Intra¬ 
molecular  migrations. 


SUMMARY 

1.  The  mechanism  of  conversion  of  o-toluenesulfonic  acid  to  the  para-  Isomer  has  been  investigated  by 
a  radlochromatographlc  method  using  radioactive  s’®  and  by  an  independent  spectrophotometric  method  (ultra¬ 
violet  -absorption  spectra). 

2.  It  has  been  found  that  in  acid  medium  the  process  proceeds  intramolecularly  to  a  considerable  extent. 
The  reaction  also  goes  partially  by  way  of  the  medium;  i.e. ,  intermolecularly. 

3.  The  Intermolecular  reaction  can  be  represented  as  the  result  of  the  formation  of  a  slx-membered, 
cyclic  active  complex. 

4.  To  explain  the  intramolecular  reaction,  it  has  been  suggested  that  an  active  complex  Is  formed  In 
which  the  sulfur  of  the  sulfo  group  is  located  under  the  plane  of  the  benzene  ring  at  an  equal  distance  from  all 
the  carbon  atoms  and  reacts  with  all  the  tt  -electrons  of  the  ring. 
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INVESTIGATION  IN  THE  FIELD  OF  SUBSTITUTED 

1.5- DIPHENYLTHIOCARBAZONES 

VII.  THE  EFFECT  OF  THE  NATURE  OF  SUBSTITUENTS  IN  THE  BENZENE  RINGS  OF 

1.5- DIPHENYLTHIOCARBAZONES  ON  THE  THIONE-THIOL  TAUTOMERIC  EQUILIBRIUM 

P.  S.  Pel’kIs  and  R.  G.  Dubenko 

Institute  of  Organic  Chemistry,  Academy  of  Sciences  Ukrainian  SSR 


In  previous  papers,  we  have  shown  that  1,5-diphenylthiocarbazones  exist  In  solutions  as  a  mixture  of  the 
two  tautomers  thione  and  thiol.  Moreover,  the  long  wave-length  maximum  on  the  absorption  curve  belongs  to 
the  thione  form  f  1],  Further,  it  was  demonstrated  [2]  that  the  ratio  of  the  intensity  in  the  band  containing  the 
long  wave-length  maximum  dXpiaxj  to  the  intensity  in  the  band  containing  the  short  wave-length  maximum 
dXmaxj  is  equal  to  the  tautomeric  thione-thiol  equilibrium  constant. 

^  T  -- 

*111, IX, 


Further,  the  effect  of  the  solvent  on  the  tautomeric  equilibrium  was  studied  in  the  arylthiocarbazone  series, 
and  it  was  shown  that  polar  solvents  shift  the  equilibrium  toward  the  thiol  side  [1]. 

It  is  well  known  that  many  investigations  have  been  devoted  to  the  question  of  the  dependence  of  keto-enol 
tautomeric  equilibria  on  the  structure  of  the  tautomerizing  compounds  However,  there  have  been  but  few  such 
investigations  in  the  field  of  thione-thiol  tautomers,  and  there  are  none  in  the  field  of  arylthiocarbazones.  There¬ 
fore,  it  was  of  Interest  to  trace  the  effect  of  substitutents  in  the  benzene  rings  of  arylthiocarbazones  on  the  thione- 
thiol  tautomeric  equilibrium  in  solution. 

The  synthesis  of  arylthiocarbazones  has  been  described  by  us  previously  [3,4].  Data  from  the  spectro- 
photometric  investigation  of  arylthiocarbazones  are  presented  in  the  table.  It  may  be  concluded  from  these  data 
that  for  thiocarbazones  in  which  the  benzene  rings  have  an  electron -donor  substituent,  the  extinction  in  the  band 
containing  the  long  wave-length  maximum  is  higher  than  the  extinction  for  the  short  wave-length  maximum 
(preparations  nos.  13-32).  For  thiocarbazones  containing  electron-acceptor  substituents  in  the  benzene  rings, on 
the  other  hand,  the  extinction  in  the  band  containing  the  short  wave-length  maximum  is  equal  to  or  even  greater 
than  the  extinction  in  the  band  containing  the  long  wave-length  maximum  (preparations  nos  1-12).  This  is 
shown  graphically  in  Figure  1,  where  absorption  curves  are  presented  for  two  arylthiocarbazones  with  electron- 
donor  substituents,  three  with  electron-acceptor  substituents,  and  the  absorption  curve  for  1,5-diphenylthio- 
carbazone  The  a-  and  6  -naphthylthiocarbazones  (preparations  nos  33  and  34)  are  especially  interesting 
from  this  point  of  view  In  view  of  the  very  poor  solubility  in  benzene,  the  absorption  spectra  of  these  compounds 
were  taken  in  carbon  tetrachloride  Our  data  are  in  agreement  with  ihe  data  of  Hubbard  [5]  (chloroform  solvent). 
For  these  two  thiocarbazones,  there  was  no  maximum  in  the  visible  region  of  the  spectrum.  The  introduction  of 
bromine  into  the  naphthylene  nucleus  (preparation  no  35 )  caused  the  appearance  of  a  maximum  in  the  short 
wave-length  region.  The  introduction  ot  a  nitro  group  gave  a  compound  having  only  one  absorption  maximum, 
at  550  rufj  (preparation  no.  36).  Thus,  electron -donor  substituents  in  the  benzene  rings  of  1,5-diphenylthiocarba¬ 
zones  have  the  same  effect  on  the  ratio  of  thione  and  thiol  forms  of  the  thiocarbazones  as  polar  solvents  —  methyl 
alcohol,  formamide,  and  others  [1]. 
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TABLE  llN=.N 
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Aryltliiocarbazones  of  the  Formula  rnhnh  ' 


Prep. 

No. 

1 

Xmaxj 
(in  my 

,^max2 
dn  my) 

^\naxi 

'^^max2 

^Xmaxj 

Solvent 

^Xmaxj 

1 

'i-(;(H)ii(’.„ii4 

Kill 
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1.82 

1.32 

0.72 

Acetone 

2 

4.55 

(i.50 

1.9 

1.5 

0.79 

Chloroform 
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620 

1  .(i2 

1.30 

0.8 

Acetone 

\ 
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4.55 

6.55 
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5 
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0.82 

6 

.3-I(V,ll, 
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7 
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16(1 
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2.14 
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S 
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2.86 
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12 

.'l-CKV.Hj 
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1.02 

13 

4-CF3SC,,ll4 
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6.24 

6.8 

1.1 

11 

2-CI(’,,.H4 
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1.4 

1.58 

1.11 

15 

4-CO()C..H5Con4 
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(550 
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1.80 

1.14 

16 

4-SO.,Nn..C„H4 
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1.25 

1.14 

17 

4-C,.llnNHC„H4 
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4.72 

7.68 

1.63 
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IS 
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.620 
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2.8 
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19 
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1.8 
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5.4 
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21 
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It  should  be  emphasized  that  thiocarbazones  for  which  the  short  wave-length  maximum  on  the  absorption 
curve  is  weak  or  entirely  absent  (preparations  nos.  12-35),  i.e. ,  those  for  which  the  thiol  form  exists  to  an  insig¬ 
nificant  extent  or  not  at  all,  are  less  soluble  in  aqueous  alkali,  form  inner  complex  salts  with  heavy  metals  at 
liigher  pH,  and  are  more  stable  toward  oxidation. 

It  can  be  assumed  that  withdrawal  of  electrons  along  the  system  of  conjugated  bonds  from  the  thiocarbazone 
group  toward  the  electron -acceptor  substituent  in  the  benzene  rings  facilitates  the  migration  of  the  hydrogen  atom 
from  the  nitrogen  to  the  sulfur.  This  finds  outward  expression  in  the  regions  of  both  maxima.  The  shift  of  elec¬ 
trons  from  the  substituent  in  the  benzene  rings  along  the  system  of  conjugated  bonds  toward  the  thiocarbazone 
group  hinders  the  migration  of  hydrogen;  i.e.,  in  these  cases,  the  possibility  of  conversion  to  the  thiol  form  is 
decreased,  and  this  finds  its  outward  expression  in  the  greater  intensity  of  the  long  wave-length  maximum  of  the 
thiocarbazones. 


The  spec trophotome trie  investigation  of  the  arylthiocarbazones  in  the  ultraviolet  showed  that  there  is  an 
additional  small  maximum  lying  in  the  range  of  290-360  mp  on  the  absorption  curves  of  the  dithizones.  As 
seen  from  Figure  2,  for  derivatives  of  dlthizone  with  electron-acceptor  substituents  these  maxima  are  shifted 


toward  the  longer  waves.wlth  respect  to  the  maxima  of  dithizone  and  its  derivatives  with  electron -donor  sub¬ 
stituents.  The  question  of  the  character  of  this  maximum  on  the  absorption  curves  of  arylthiocarbazones  will  be 
discussed  in  a  separate  article. 


Fig.l.  Absorption  spectra-1)  l,5-di-(4-acetophenyl) 
thiocarbazone,  2)  l,5-di-(tetrahydro-0-naphthyl)thio- 
carbazone,  3)  l,5-di-(2,4-diiodophenyl)thiocarbazone, 
4)  1,5-diphenyl-thiocarbazone,  5)  l,5-di(4-tolyl)thio- 
carbazone,  6)  l,5-di(4-benzophenyl)thiocarbazone. 


Fig,  2.  Absorption  spectra.  1)  1,5-diphenylthiocarbazone, 

2)  l,5-di(2,4-diiodoplienyl>thiocarbazone, 3)  l,5-di(2,4- 
dichlorophenyl)thiocarbazone,  4)  l,5-di(4-acetophenyl) 
thiocarbazone,  5)  l,5-di(2-phenoxyphenyl)-thiocarbazone. 


SUMMARY 

1.  A  spectrophotometric  investigation  of  36  substituted  1,5-diphenylthlocarbazones  was  carried  out 

2.  The  effect  of  the  nature  of  substituents  in  the  benzene  rings  of  1,5-diphenylthiocarbazone  on  the 
thione -thiol  tautomeric  equilibrium  was  studied. 


3.  It  was  shown  that  electron -acceptor  substitutents  shift  the  thlone-thiol  tautomeric  equilibrium  of  sub 
stituted  1,5-diphenylthiocarbazones  toward  the  thiol  form. 
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INVESTIGATIONS  IN  THE  SERIES  OF  SUBSTITUTED  5-HYDROXY- 
2. 3-DIPHEN  YLTETRAZOLIUM  BETAINES 

R.  G.  Dubenko  and  P.  S.  Pel’kis 

Institute  of  Organic  Chemistry. Academy  of  Sciences  Ukrainian  SSR 


For  some  time  past,  various  quaternary  ammonium  derivatives  have  been  intensively  studied  as  invert 
soaps,  and  their  bactericidal  properties  have  also  been  investigated  [1],  Different  tetrazolium  compounds  have 
been  studied  In  this  connection.  During  the  synthesis  of  arylthiocarbazones  by  the  formazyl  method  [2,  3],  we 
obtained  various  substituted  l,5-diphenyl-3-nItroformazans  as  Intermediate  products.  As  shown  by  Pechmann 
and  Runge  [4],  formazyl  compounds  can  be  converted  by  oxidation  Into  tetrazolium  derivatives  or  into  the  cor¬ 
responding  betalne-llke  compounds  [5]  according  to  the  scheme: 


,N=NH 

4  (lHaCOOH 

N-NHK 


/N— NU 
(1^  I 
PN=NI< 

I - o-' 


N=NH 


or 


^N— NHR 

.N=NR 
-C<  I 
^N— NR 


4-Cll3()NO., 


(I) 


The  oxidation  or  dehydrocycllzation  is  carried  out  with  the  aid  of  yellow  mercuric  oxide  or  with  amyl 
nitrite  in  an  alcoholic  solution  of  hydrogen  chloride  [4],  Recently,  the  oxidation  of  formazans  has  been  carried 
out,  with  good  yields,  by  means  of  lead  tetraacetate  in  chloroform  [1].  Wedekind  and  Stauve  showed  that 
the  tendency  toward  ring  closure  to  the  tetrazole  ring  of  substituted  formazyl  derivatives  depends  on  the  nature 
of  the  substituents  in  the  3-posltion  and  also  on  the  nature  and  location  of  substituents  In  the  benzene  rings  [6]. 
Bamberger,  Padova  and  Ormerod  studied  the  dehydrocycllzation  of  l,5-diphenyl-3-nitroformazan  by  heating  In 
acetic  acid  In  the  presence  of  amyl  nitrite;  In  this  case,  acldolysis  of  the  nitro  group  occurs  with  subsequent 
oxidation  of  the  nitroformazan  to  the  tetrazolium  derivative  [7].  We  have  carried  out  the  dehydro'ycllzatlon  of 
nine  different  substituted  l,5-diphenyl-3-nitroformazans  under  these  same  conditions.  In  these  studies,  it  was 
found  that  the  meta-  and  para -substituted  derivatives  can  undergo  dehydrocycllzation  to  tetrazolium  derivatives 
in  good  yields,  while  the  ortho-substituted  compounds  under  these  conditions  either  do  not  dehydrocycllze  at  all 
or  do  so  with  very  insignificant  yields.  In  the  table  are  presented  the  synthesized  substituted  5-hydroxy-2,3-dl- 
phenyltetrazolium  betaines,  which  have  the  general  formula  (I). 

The  substituted  5-hydroxy-2,3-diphenyltetrazollum  betaines  are  colorless  or  light- yellow  crystalline 
materials.  They  may  be  crystallized  from  water.  They  are  difficultly  soluble  in  organic  solvents  and  slightly 
soluble  in  alcohol.  The  substances  decompose  during  melting,  sometimes  explosively  In  the  figure  are  pre¬ 
sented  the  absorption  curves  of  four  preparations  In  alcohol  in  a  concentration  of  6.6*  lO"®  M. 
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Substituted  5-Hydroxy-2,3-DIphenyltetrazolium  Betaines  (I). 
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EXPERIMENTAL 


Absorption  spectra.- 1)  5-Hydroxy-2,3-di(3,4-di- 
methylphenyl)tetrazolium  betaine,  2)  5 -hydroxy- 
2, 3-di  (4-tolyl)tetrazolium  betaine,  3)  5-hydroxy- 
2,3-di  (isoamyloxyphenyl)  tetrazolium  betaine, 

4)  5-hydroxy-2,3-di(4-bromophenyl)tetrazolium 
betaine. 


The  initial  nitroformazyl  derivatives  used  in  the 
preparations  of  the  compounds  presented  in  the  table  were 
described  by  us  previously  [2,  3]. 

5-Hydroxy-2,3-dl(3,4-dlmethylphenyl)tetrazollum 
betaine.  18  g  of  5-nitro-2,3-di(3.4-methylphenyl)  formazan 
was  suspended  in  a  mixture  of  40  ml  of  acetone,  14  ml  of 
glacial  acetic  acid,  and  7.5  ml  of  amyl  nitrite.  The  mixture 
was  refluxed  5  hours  until  the  darh-red  color  had  turned 
orange -yellow  The  acetone  was  distilled  on  a  water  bath 
until  the  reaction  mixture  was  half  the  original  volume. 
Ether  was  added  to  the  cooled  solution,  and  the  tetrazolium 
betaine  derivative  separated  as  a  yellow,  crystalline  pre¬ 
cipitate.  Recrystallization  of  the  resulting  5-hydroxy-2,3- 
di(3,4-dimethylphenyl)  tetrazolium  betaine  from  water 
with  carbon  gave  pale-yellow,  acicular  crystals.  The  com¬ 
pound  melted  with  explosive  decomposition.  The  yield 
was  llg  (61.b<^o). 

The  remaining  tetrazolium  betaine  derivatives  were 
synthesized  under  analogous  conditions. 

5-Hydroxy-2,3-(4-tolyl)tetrazolium  betaine.  5  g  of 
5-nitro-2,3-di(4-tolyl)  formazan  was  used  in  the  reaction. 
Recrystallization  from  water  with  carbon  gave  light-orange 
crystals. 
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5-Hydroxy-2,3“dI(4-phenetyl)tetrazolium  betaine.  10  g  of  5-nitro-2,3-di(4-phenetyl)formazan  was  used 
In  the  reaction.  The  resulting  tetrazolium  betaine  was  purified  by  recrystallization  from  water  with  carbon. 

5-Hydroxy-2,  3-dI(3-phenetyI)tetrazolium  betaine.  8. 5  g  of  5-nitro-2,3-di(3-phenetyl)formazan  was  used 
in  the  reaction.  Recrystallization  of  the  tetrazolium  betaine  from  water  with  carbon  gave  white  crystals.  The 
compound  melted  explosively. 

5-Hydroxy-2.3-di(4-n-butoxyphenyl)tetrazolium  betaine.  2  g  of  the  nitroformazyl  derivative  was  used. 
Precipitation  of  the  tetrazolium  betaine  from  acetone  solution  by  means  of  ether  gave  brIght*yellow  crystals. 
These  were  filtered  and  washed  with  alcohol  and  ether. 

5-Hydroxy-2,3-di  (4-isoamyloxyphenyl  )tetrazolium  betaine.  1,5  g  of  the  nitroformazyl  derivative  was 
used.  Precipitation  with  ether  gave  bright-yellow  crystals  of  the  tetrazolium  betaine. 

5-Hydroxy-2,3-di  (4-carbethoxyphenyl)tetrazolium  betaine.  2  g  of  5-nitro-2,3-(4-carbethoxyphenyl)tetra- 
zollum  betaine  was  used.  The  tetrazolium  betaine  was  obtained  as  pale -yellow  crystals.  The  compound  melted 
explosively. 

5-Hydroxy-2,3-di(bromophenyl)tetrazolium  betaine.  2  g  of  the  nitroformazyl  derivative  was  used.  Pre¬ 
cipitation  with  ether  from  an  acetone  solution  gave  a  yellow  crystalline  material.  The  crystals  were  filtered 
and  washed  with  alcohol  and  ether. 

5-Hydroxy-2,3-di(4-carboxyphenyl)tetrazollum  betaine.  1  g  of  5-nItro-2,3-di(4-carboxyphenyl)formazan 
was  used.  The  resulting  tetrazolium  betaine  was  purified  by  recrystallization  from  water  with  carbon.  The  pro¬ 
duct  separated  in  the  form  of  crystals  with  a  pale-rose  color.  The  compound  melted  explosively. 


SUMMARY 

Nine  new,  previously  undescrIbed  derivatives  of  5-hydroxy-2,3-diphenyltetrazolium  betaine  were  syn¬ 
thesized,  and  their  absorption  spectra  were  studied. 
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INVESTIGATIONS  IN  THE  FIELD  OF  QUINOLINE  AND 
ITS  DERIVATIVES 


XXL  CONJUNCT  CONDENSATION  OF  ARYLAMINES  WITH  HYDRACRYLALDEHYDE 

B.  I.  Ardashev  and  V.  I.  Minkin 
Novocherkassk  Polytechnlcal  Institute 


It  has  previously  been  pointed  out  that  hydracrylaldehyde  (B  -hydroxyproplonaldehyde)  can  participate 
together  with  acrolein  in  the  Skraup  reaction  [1],  Indeed,  It  Is  formed  In  significant  amounts  both  during  the 
decomposition  of  glycerin  [2]  and  during  the  addition  of  water  to  acrolein  at  elevated  temperature  [3],  the 
addition  reaction  being  catalyzed  by  add  [41.  In  connection  with  this,  It  was  of  Interest  to  study  the  interaction 
of  certain  aromatic  amines  with  hydracrylaldehyde  with  the  aim  of  obtaining  quinolines.  With  the  exception  of 
a  patent  to  Chichibabln*|  5),  this  reaction  has  not  been  described  In  the  chemical  literature. 


We  have  established  that  under  the  usual  conditions  of  the  Skraup  synthesis,  namely,  the  dropwlse  addition 
of  hydracrylaldehyde  to  the  reaction  tnixture  at  120-140*,  quinoline  Is  obtained  In  a  yield  of  15  If  milder 
conditions  are  used,  m-nltrobenzenesulfonlc  acid  as  the  oxidizing  agent  and  a  dilute  solution  as  the  reaction 
medium,  the  yield  of  quinolines  resulting  from  the  use  of  hydracrylaldehyde  reaches  50%.  This  permits  the 
conclusion  that  when  the  Skraup  reaction  Is  carried  out  with  glycerin  In  the  usual  manner,  and  also  when  acro¬ 
lein  Is  substituted  for  glycerin  [6],  one  course  of  the  reaction  Is  Interaction  with  hydracrylaldehyde  formed  from 
the  glycerin  or  acrolein. 


The  reaction  of  hydracrylaldehyde  witli  aromatic  amines  Is  now  extended  to  diarylamines.  Thus,  from 
diphenylamine  we  were  able  to  obtain  a  salt  of  N-phenylquInolIne,  and  this  reaction  has  been  applied  to  other 
diarylamines.  In  this  manner.  It  has  been  shown  that  it  is  possible  to  Introduce  secondary  amines  into  a  modlflca 
tion  of  the  Skraup  synthesis  with  hydracrylaldehyde. 

Of  the  several  possible  courses  of  the  reaction  of  hydracrylaldehyde  with  arylamlnes  leading  to  the  forma¬ 
tion  of  quinolines,  the  most  probable  is  that  represented  by  a  scheme  In  which  the  anil  of  hydracrylaldehyde  is 
converted  to  the  anil  of  acrolein,  which  then  cycllzes  to  the  quinoline 
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Literature  sources  relating  to  the  study  of  the  mechanism  of  the  Skraup  reaction  •  and  the  experimental 
data  obtained  in  the  present  work  lead  us  to  the  conclusion  that  the  Skraup  reaction  proceeds  both  through  inter 
action  with  acrolein  and  through  interaction  with  hydracrylaldehyde  and,  probably,  glyceraldehyde  •  •,  and  any 
of  these  courses  can  predominate  depending  on  the  starting  products  and  on  the  conditions  used. 


EXPERIMENTAL 

The  reactions  were  carried  out  in  a  three-necked  flask  fitted  with  a  stirrer,  a  thermometer,  and  a  reflux 
condenser  in  which  was  Inserted  a  dropping  funnel.  The  first  experiments  were  carried  out  using  hydracrylaldehyde 
Itself,  but  later,  in  view  of  the  fact  that  the  results  were  Identical,  the  diethyl  acetal  of  the  ethyl  ether  of  hydra¬ 
crylaldehyde  was  used,  since  it  was  more  readily  available  [5].  In  order  to  avoid  excessive  tarring  and  decreased 
yields,  the  aldehyde  components  were  always  twice-rectified,  and  the  product  boiling  at  91-92*  at  32  mm  was 
used. 


Experiment  1.  Quinoline.  9. 3  g  of  aniline  was  added  to  25  ml  of  H2SO4  (d  ,  1.84)  and  12.5  g  of  nitro¬ 
benzene.  The  mixture  was  heated  to  120* ,  and  17  g  of  the  diethyl  acetal  of  6  -ethoxypropdonaldehyde  was  added 
dropwlse  over  the  course  of  0.5  hour;  during  the  addition,  the  temperature  did  not  rise  above  130*.  After  this, 
the  mixture  was  refluxed  for  an  additional  1-2  hours  at  138-148*.  The  quinoline  was  separated  with  potassium 
ferrocyanlde  [8].  The  yield  was  2.05  g  (15.6%).  B.p.  234-240*;  m.p.  of  picrate,  201*. 

Experiment  2  Quinoline.  A  solution  of  m-nitrobenzenesulfonlc  acid  was  prepared  by  liter mohlen’s  method 
[9J  from  12.5  g  of  nitrobenzene,  50  g  of  20%  oleum,  and  20  ml  of  water.  9. 3  g  of  aniline  was  added  to  the 
solution;  then,  at  125-135*  and  over  the  course  of  30-45  minutes,  20  g  of  the  diethyl  acetal  of  6  -ethoxypro- 
plonaldehyde  was  added  dropwise,  after  which  the  mixture  was  heated  at  135-14?  for  another  1-1.5  hours.  The 
yield  of  quinoline  was  6.95  g  (53.8%).  B.p  233-238* ;  m.p.  of  picrate,  200°. 

Experiment  3.  6-Methoxyquinoline.  This  experiment  was  carried  out  similarly  to  Experiment  2.  6.74  g 

(43.4%)  of  6-methoxyquinoline  was  obtained  from  12  3  g  of  p-anisidine.  B.p.  278-284*;  m.p.  of  picrate,  21?. 

Experiment  4.  N-Phenylquinolinium  perchlorate.  10  g  of  the  diethyl  acetal  of  0  -ethoxyproplonaldehyde 
was  added,  at  a  temperature  of  120-130*  and  over  the  course  of  15  minutes,  to  a  mixture  of  8.5  g  of  diphenyl  - 
amine,  45  g  of  nitrobenzene,  and  10  ml  of  H2SO4,  and  the  mixture  was  heated  for  another  2  hours  at  125-13?. 

The  product  was  separated  in  a  manner  similar  to  that  used  for  the  isolation  of  N-arylqulnaldinium  salts  [10]. 

The  yield  of  perchlorate  was  1.72  g  (11.2%).  Recrystalllzation  from  water  gave  a  product  with  an  m.p.  of  157*. 

Found  %:  C  58.75;  H  3.79;  Cl  11.83;  CIO4  33.78.  Ci5HuNC104.  Calculated  %:  C  58.93;  H  3.95;  Cl 
11.60;  CIO432.69. 


SUMMARY 

1.  Quinoline  derivatives  were  obtained  by  the  reaction  of  hydracrylaldehyde  with  anilines. 

2.  It  was  shown  that  it  is  possible  to  Introduce  dlarylamines  into  the  Skraup  reaction.  N-Phenylquinollum 
perchlorate  was  synthesized. 

3.  The  mechanism  of  the  reaction  was  discussed,  and  a  scheme  was  proposed  for  the  reaction. 
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INVESTIGATIONS  IN  THE  FIELD  OF  ISOQU I NOL I N  EC  A  RBOX  YL IC  ACIDS 


III.  PREPARATION  OF  A  SERIES  OF  1-ALKOXY-SUBSTITUTED  ACIDS  OF  THE  ISOQUINOLINE  GROUP, 
THEIR  ESTERS  AND  HYDRAZIDES.  AND  SOME  DATA  ON  THE  MOBILITY  OF  ALKOXY  GROUPS  ON 
THE  ISOQUINOLINE  RING 

L.  I.  Llnevlch 

Laboratory  of  Physiological  Chemistry,  Academy  of  Sciences  USSR 


The  aim  of  the  present  investigation  was  to  develop  a  synthesis  for  a  series  of  trial koxy -substituted  acids 
of  the  isoquinoline  group  and  certain  of  their  derivatives,  the  testing  of  the  physiological  activity  of  which  is 
of  Interest.  We  previously  reported  on  the  preparation  of  the  chloride  (I)  and  esters  (II-V)  of  l-chloro-7,8-di- 
methoxy-3-isoquinolinecarboxylic  acid  from  the  readily  available  opianic  acid  [1,2],  We  used  these  substances 
for  the  preparation  of  a  number  of  previously  undescribed  alkoxy-substituted  acids  of  the  isoquinoline  series 
and  some  of  their  derivatives. 
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By  the  interaction.  In  the  cold,  of  acid  chloride  (I)  with  methyl  alcohol,  we  obtained,  as  previously  re¬ 
ported,  the  methyl  ester  of  l,7,8-trimethoxy-3-Isoquinolinecarboxylic  acid  [2].  It  was  of  Interest  to  establish 
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whether  this  is  a  general  reaction;  I.  e., whether  esters  of  1-alkoxy -substituted  isoquinolinecarboxyllc  acids  are 
formed  by  the  interaction  of  this  acid  chloride  with  other  alcohols.  It  was  shown  that  the  reaction  of  the  chloro- 
substituted  acid  chloride  (I)  with  ethyl,  propyl,  and  butyl  alcohols  proceeds  as  In  the  case  of  methyl  alcohol.  In 
addition  to  the  methyl  ester  of  l,7,8-trlmethoxy-3-IsoquInolInecarboxylic  acid  (VI),  we  obtained  by  means  of 
this  reaction  the  ethyl  ester  of  l-ethoxy-7,8-dimethoxy-3-isoquInolinecarboxylic  acid  (VII),  the  propyl  ester  of 
l-ethoty-7,8-dImethoxy-3-Isoquinolinecarboxylic  acid  (VII),  the  propyl  ester  of  l-propoxy-7,8-dimethoxy-3- 
isoquinolinecaiboxylic  acid  (VIII),  and  the  butyl  ester  of  l-butoxy-7,8-dImethoxy-3-lsoquinolinecarboxylic  acid 
(IX).  These  same  esters  were  obtained  by  heating  the  esters  of  l-chloro-7,8-dImethoxy-3-IsoquInolinecarboxyllc 
acid  with  the  equivalent  amounts  of  the  sodium  alcoholates.  It  was  found  that  simultaneously  with  the  replace¬ 
ment  of  the  chlorine  by  the  alkoxy  group,  transesterification  of  the  ester  occurred,  catalyzed  by  the  metal 
alcoholate.  Therefore  the  reaction  resulted  in  the  formation  of  an  ester  with  the  radical  of  that  alcohol  which 
served  as  the  solvent  during  the  reaction. 

Alkallufc  hydrolysis  of  these  esters  of  alkoxy-substiiuted  acids  (VI-IX)  gave  the  four  homologous  acids  dif¬ 
fering  In  the  alkoxy  group  In  the  1-positIon  of  the  isoquinoline  ring:  l,7,8-trImethoxy-3-isoquinollnecarboxyllc 
acid  (X),  l-ethoxy-7,8-dImethoxy-3-IsoquinolInecarboxylIc  acid  (XI),  l-propoxy-7,8-dImethoxy-3-lsoquinoline- 
carboxyllc  acid  (XII),  and  l-butoxy-7,8-dImethoxy-3-lsoqulnolinecarboxyllc  acid  (XIII).  The  methyl  esters 
(VI,  XIV,  XV,  XVI)  of  these  four  acids  were  obtained  by  means  of  dIazomethane. 

In  attempts  to  prepare  the  esters  of  these  acids  by  heating  these  acids  with  the  alcohols  and  sulfuric  acid, 
it  was  found  that ,  In  addition  to  esterification  of  the  carboxyl  group,  hydrolysis  of  the  alkoxy  group  In  the  1- 
posltion  also  occurred,  and,  as  a  consequence  of  this,  there  were  obtained  the  esters  of  7,8-dimethoxy-3-Iso- 
carbostyrllcarboxylic  acid  and  that  alcohol  which  served  as  the  reaction  medium  (XVII). 

The  increase  in  the  mobility  of  the  alkoxy  group  occurs  in  acid  medium.  In  a  neutral  medium  and  also 
in  an  alkaline  medium,  as  shown  by  the  alkaline  hydrolysis  of  the  esters,  this  alkoxy  group  has  considerable 
stability.  The  literature  contains  no  indications  of  the  lability  of  alkoxy  groups  connected  to  an  isoquinoline 
nucleus;  only  for  the  pyridine  and  quinoline  series  are  there  facts  known  indicating  a  high  mobility  of  alkoxy 
groups  in  a-  and  y  -positions  to  the  nitrogen  [3] .  Just  as  in  the  case  of  the  Increased  mobility  of  chlorine  [2], 
the  increased  mobility,  in  acid  medium,  of  the  alkoxy  group  in  the  1 -position  In  the  isoquinoline  nucleus  can 
apparently  be  explained  on  the  basis  that  the  nitrogen,  adding  a  proton,  acquires  a  positive  charge  which  results 
in  an  increase  in  the  shift  of  the  electron  cloud  in  the  isoquinoline  ring  toward  the  nitrogen.  Therefore,  nucleo¬ 
philic  substitution  in  the  isoquinoline  ring  proceeds  readily,  especially  in  the  1-position  which  is,  of  course, 
alpha  to  the  nitrogen.  Electronegative  substituents  meta  to  the  alkoxy  group  apparently  have  an  effect  on  its 
mobility. 

The  effect  of  the  nitrogen  on  the  ease  of  replacement  of  the  methoxy  by  a  hydroxyl  group  apparently 
extends  to  other  positions  of  the  isoquinoline  ring  also.  This  is  supported  by  the  hydrolysis  of  an  alkoxy  group 
in  the  7-  or  8-po.sition  in  7,8-dimerhoxy-3-isocarbostyrilcarboxylic  acid  when  this  compound  is  heated  with 
butyl  alcohol  and  sulfuric  acid  on  aboiling  water  bath,  as  we  reported  previously  [1]. 

Esters  (VI-IX)  were  used  for  the  preparation  of  the  hydrazides  of  the  acids.  The  hydrazides  of  1,7,8-tri- 
methoxy-3-isoquinolinecarboxylic  acid  (XVIII),  l-ethoxy-7,8-dimethoxy-3-isoquinolinecarboxylic  acid  (XIX), 
l-propoxy-7,8-dimethoxy-3-isoquinolinecarboxylic  acid  (XX),  and  l-butoxy-7,8-dimethoxy-3-isoquinoline- 
carboxylic  acid  (XXI)  were  prepared. 

The  resulting  hydrazides  (XVIII-XXI)  were  tested  for  chemotherapeutic  activity  by  the  Division  of  Chemo¬ 
therapy  of  the  All-Union  Chemical -Pharmaceutical  Scientific  Research  Institute.  The  tests  showed  that  none 
of  these  preparations  are  active  with  respect  to  tuberculosis  culture.  This  confirms  the  high  specificity  of  the 
action  of  the  hydrazides  of  isonicotinic  acid,  especially  of  phthivazide. 

These  esters  of  alkoxy-substituted  acids  of  the  isoquinoline  series  can  be  used  for  the  preparation  of  other 
derivatives  of  acids  of  the  isoquinoline  series  (amides,  etc. ),  the  synthesis  of  which  is  of  interest  in  connection 
with  the  possible  development  of  physiological  activity  in  these  groups  of  compounds. 


EXPERIMENTAL 

Preparation  of  esters  of  l-alkoxy-7,8-dimethoxy-3-isoquinolinecarboxylic  acids,  a)  Alcoholysis  of  the 
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chloride  of  l-chloro-7.8-dimethoxy-3-lsoquinollnecarboxyllc  acid.  A  mixture  of  2.86  g  of  the  chloride  of  1- 
chloro-7,8-dimethoxy-3-isoquinolinecarboxylic  acid  (I)  and  10  ml  of  absolute  alcohol  (methyl,  ethyl,  propyl, 
or  butyl)  was  allowed  to  stand  for  16  hours  in  a  closed  flask  at  room  temperature.  Slow  solution  of  the  solid 
material  occurred. 

For  the  separation  and  purification  of  the  methyl  ester  of  l,7,8-trimethoxy-3-isoquinollnecarboxylic  acid 
(Vi),  the  ethyl  ester  of  l-ethoxy-7,8-dimethoxy-3-isoquinolinecarboxylic  acid  (VII),  and  the  propyl  ester  of 
l-propoxy-7,8-dImethoxy-3-isoqulnolinecarboxylIc  acid  (VIII).  the  solution  was  poured  into  200  g  of  an  ice- 
water  mixture  containing  1.5  g  of  Na^COj.  The  precipitated  crystals  were  filtered,  washed  with  water  to  a 
neutral  reaction  toward  phenolphthalein,  and  recrystallized  from  the  alcohols. 

The  butyl  ester  of  l-butoxy-7,8-dimethoxy-3-isoquinoIinecarboxylic  acid  (IX)  was  separated  by  washing 
the  reaction  mixture  with  water,  a  solution  of  sodium  carbonate,  and  again  with  water  to  a  neutral  reaction 
toward  phenolphthalein.  The  solution  of  the  product  in  butyl  alcohol  was  dried  with  sodium  sulfate,  the  butyl 
alcohol  was  distilled  under  vacuum,  and  the  ester  was  recrystallized  from  petroleum  ether  by  cooling. 

b)  The  action  of  sodium  alcoholates  on  the  corresponding  esters  of  l-chloro-7,8-dimethoxy-3-isoquinoline- 
carboxylic  acid.  The  methyl  ester  of  l,7,8-trimethoxy-3-isoquinolinecarboxylic  acid  (VI)  was  prepared  as 
follows.  A  solution  of  0,23  g  of  sodium  in  40  ml  of  absolute  methyl  alcohol  was  added  to  a  mixture  of  2.81  g  of 
the  methyl  ester  of  1-chloro -7,8-dimethoxy-3-isoquinolinecarboxylic  acid.  The  reaction  mixture  was  heated 

In  a  flask  on  a  boiling  water  bath  for  8  hours;  the  flask  was  provided  with  a  reflux  condenser  which  opened 
to  the  atmosphere  through  a  calcium  chloride  tube.  The  resulting  solution  was  cooled  and  poured  into  320  g  of 
a  water-ice  mixture.  The  precipitated  crystals  of  the  ester  were  filtered,  washed  with  water  to  a  neutral  reaction 
toward  phenolphthalein,  and  recrystallized  from  methyl  alcohol.  An  organic  acid  (0.26  g)  was  obtained  by 
acidification  of  the  filtrate  remaining  after  separation  of  the  ester  which  crystallized  when  the  reaction  mixture 
was  decanted  on  the  ice. 

In  a  similar  manner  were  prepared  the  ester  (VII)  from  the  ethyl  ester  of  l-chloro-7,8-dimethoxy-3-iso- 
quinolinecarboxylic  acid  (III)  (2.96  g),  ester  (VIII)  from  the  propyl  ester  of  l-chloro-7,8-dimethoxy-3-iso- 
quinolinecarboxylic  acid  (IV)  (3.1  g),  and  ester  (IX)  from  the  butyl  ester  of  l-chloro-7,8-dimethoxy-3-iso- 
qulnoline-carboxylic  acid  (V)  (3.24  g).  Esters  (VII)  and  (VIII)  were  recrystallized  from  the  alcohols.  In  the 
preparation  of  the  butyl  ester  (IX),  only  3.5  ml  of  butyl  alcohol  was  in  the  reaction  mixture,  and  for  the  separa¬ 
tion  of  the  ester,  the  reaction  mixture  was  diluted  with  50  ml  of  dioxane;  the  resulting  solution  was  decanted 
Into  500  g  of  a  mixture  of  water  and  ice,  and  the  precipitated  ester  was  filtered,  washed  with  water  to  a  neutral 
reaction  toward  phenolphthalein,  and  recrystallized  from  ethyl  ether  and  petroleum  ether  by  cooling. 

c)  The  action  of  sodium  alcoholates  on  the  methyl  ester  of  l-chloro-7,8-dimethoxy-3-isoquinolIne- 
carboxylic  acid  (during  transcsterificationX  To  a  solution  of  2.81  g  of  the  methyl  ester  of  l-chloro-7,8-di- 
niethoxy-3-isoquinolinecarboxylic  acid  (II)  in  40  ml  of  absolute  alcohol  (ethyl,  propyl,  or  butyl)  was  added  a 
solution  of  0.23  g  of  sodium  in  40  ml  of  the  same  alcohol.  The  mixture  was  heated  for  16  hours  on  a  boiling 
water  bath;  the  reaction  vessel  comprised  a  flask  fitted  witha  reflux  condenser  connected  to  a  calcium  chloride 
tube.  Separation  of  the  esters  from  the  reaction  mixtures  was  carried  out  as  in  Experiment  "b”.  The  esters 
(VII)-(IX)  were  prepared  in  this  manner. 

The  melting  points  of  the  corresponding  esters  prepared  in  Experiments  "a",  "b",  and  ”c"  were  in  agree¬ 
ment.  Mixed  samples  of  the  corresponding  esters  prepared  by  the  different  methods  showed  no  depression  of  the 
melting  point.  The  melting  points,  yields,  and  analytical  date  for  the  substances  prepared  are  presented  in  die 
table. 

These  esters  of  l-alkoxy-7,8-dimethoxy-3-isoquinolinecarboxylic  acids  (VI)-(IX)  are  crystalline  substances; 
the  melting  points  of  the  higher  homologs  are  lower  than  those  of  the  lower  homologs.  The  esters  distill  under 
vacuum  without  decomposition.  The  substances  are  readily  soluble  in  organic  solvents  and  practically  insoluble 
In  water.  The  salts  of  these  esters  separate  when  dry  hydrogen  chloride  is  passed  into  solutions  of  these  esters  In 
ethyl  ether;  these  salts  are  hydrolyzed  by  water. 

Preparation  of  l-alkoxy-7.8-dimethoxy-3-isoquinolinecarboxylic  acids.  l,7,8-Trimethoxy-3-isoquinolIne- 
carboxylic  acid  (X)  was  prepared  by  heating  for  30  minutes  the  methyl  ester  of  l,7,8-trImethoxy-3-isoquinolIne- 
carboxylic  acid  (VI)  (2.77  g)  with  20  ml  of  lO^^o  sodium  hydroxide  solutioa  The  solution  was  filtered,  and 


the  filtrate  was  acidified  with  lO'^o  hydrochloric  acid  (until  acid  toward  Congo  indicator).  The  precipitated  acid 
was  filtered,  washed  with  water,  and  recrystallized  from  methyl  alcohol.  In  a  similar  manner  were  prepared 
l-ethoxy-7,8-dimethoxy-3-IsoquInolInecarboxyllc  acid  (XI)  from  ester  (VII)  (3.1  g),  l-propoxy-7,8-dlmethoxy- 
3-isoquinolinecarboxylic  acid  (XII)  from  ester  (VIII)  (3.3  g),  and  l-butoxy-7,8-dlmethoxy-3-isoqulnolIne- 
carboxylic  acid  (XIII)  from  ester  (IX)  (3.6  g). 

These  l-alkoxy-7,8-dlmethoxy-3-IsoquInolinecarboxylIc  acids  (X)-(XIII)  are  crystalline  materials;  the 
melting  points  of  the  higher  homologs  are  lower  than  those  of  the  lower  homologs.  The  acids  are  difficultly 
soluble  in  water  and  readily  soluble  in  the  majority  of  organic  solvents,  and  the  solubility  increases  with  an  in¬ 
crease  in  the  molecular  weight  of  the  acid.  They  may  be  crystallized  from  alcohols. 

Preparation  of  the  methyl  esters  of  l-alkoxy-7,8-dimethoxy-3-isoquinolinecarboxylic  acid  (by  the  action 
of  diazomethane  on  the  corresponding  acids).  10  ml  of  an  ether  solution  of  diazomethane  was  added  to  a  solu¬ 
tion  of  0.1  g  of  the  l-alkoxy-7,8-dimethoxy-3-isoquinollnecarboxylic  acid  (X)-(XIII)  In  10  ml  of  methyl  al¬ 
cohol.  The  excess  diazomethane  and  the  solvent  were  distilled.  The  residue  was  dissolved  in  5  ml  oi  methyl 
alcohol,  and  the  solution  was  filtered  and  poured  into  20  g  of  a  mixture  of  water  and  Ice  containing  0.25  ml  of 
10%  sodium  carbonate  solution.  The  precipitated  ester  was  filtered,  washed  with  water  to  a  neutral  reaction 
toward  phenolphthalein,  and  recrystallized  from  methyl  alcohol.  The  methyl  esters  of  l,7,8-trlmethoxy-3-lso- 
quinollnecarboxylic  acid,  l-ethoxy-7,8-dimethoxy-3-isoquinolInecarboxylIc  acid,  l-propoxy-7,8-dimethoxy- 
3-IsoquInolInecarboxyllc  acid,  and  l-butoxy-7,8-dlmethoxy-3-Isoquinollnecarboxylic  acid  (VI),  (XIV),  (XV), 
(XVI)  were  prepared.  The  esters  are  crystalline  substances;  the  melting  points  of  the  higher  homologs  are 
lower  than  those  of  the  lower  homologs.  They  are  practically  insoluble  In  water  and  are  readily  soluble  in  the 
majority  of  organic  solvents. 

l-Alkoxy-7,8-dimethoxy-3-IsoquInolinecarboxylic  Acids  and  Their  Derivatives 
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Notes.  *  —  In  Experiment  "a";  •  •  —  in  Experiments  "b"  and  "c". 

Acid  hydrolysis  of  the  alkoxy  group  in  the  1 -position  of  l-alkoxy-7,8-dimethoxy-3-isoquinolinecarboxylic 
acids.  A  mixture  of  0.26  g  of  l,7,8-trimethoxy-3-isoquinolinecarboxylic  acid  (or  0.31  g  of  l-butoxy-7,8-di- 
methoxy-3-isoquinolinecarboxylic  acid),  5  ml  of  methyl  alcohol,  and  0.15  ml  of  sulfuric  acid  (^1.84)  was  placed 


209 


In  a  flask  fitted  with  a  reflux  condenser,  which  was  connected  to  a  calcium  chloride  tube,  and  the  mix  ture  was 
heated  on  a  boiling  water  bath  for  6  hours.  The  resulting  solution  was  poured  into  15  g  of  ice  and  water  contain¬ 
ing  0.3  g  of  sodium  carbonate.  The  crystallized  ester  was  filtered  and  washed  with  water  to  a  neutral  reaction 
toward  phenolphthalein.  The  yield  was  0.17  g  (65%)  of  the  methyl  ester  of  7,8-dimethoxy-3-isocarboxystyrll- 
carboxylic  acid,  m.p.  195*  (from  methyl  alcohol).  According  to  the  literature,  the  m.p.  is  19?  [If4].  When  a 
mixed  sample  with  the  methyl  ester  of  7,8-dimethoxy-3-fsocarbostyrilcarboxylic  acid  prepared  by  us  previously 

[1]  was  melted,  no  depression  of  the  melting  point  was  observed. 


Preparation  of  the  hydrazides  of  l-alkoxy-7,8-dImethoxy-3-IsoquInolinecarboxylic  acids.  For  the  prepara¬ 
tion  of  the  hydrazlde  of  l,7,8-irlmethoxy-3-isoquinollnecarboxylic  acid  (XVIII),  a  solution  of  0.55  g  of  the  methyl 
ester  of  l,7,8-trimethoxy-3-isoqulnolinecarboxylic  acid  (VI)  in  20  ml  of  ethyl  alcohol  was  poured  into  5  ml  of 
85%  hydrazine  hydrate.  Crystals  of  the  hydrazide  appeared  after  10-15  minutes.  The  reaction  mixture  was 
allowed  to  stand  overnight  at  room  temperature,  after  which  the  crystalline  product  was  filtered  and  washed  with 
alcohol.  The  hydrazide  was  recrystallized  from  ethyl  alcohol.  In  a  similar  manner  were  prepared  the  hydrazide 
of  l-ethoxy-7,8-dimethoxy-3-isoquinollnecarboxylic  acid  (XDC)  from  ester  (VII)  (0.61  g),  the  hydrazide  of  1- 
propoxy-7,8-dimethoxy-3-lsoquinollnecarboxylic  acid  (XX)  from  ester  (VIII)  (0.67  g),  and  the  hydrazide  of  1- 
butoxy-7,8-dimethoxy-3-lsoquinolinecarboxylic  acid  (XXI)  from  ester  (IX)  (0.72  g).  The  hydrazides  were 
recrystallized  from  alcohol. 


SUMMARY 

1.  A  series  of  homologous  trlalkoxy -substituted  acids  of  the  Isoquinoline  series  differing  in  the  alkoxy 
group  at  the  1 -position  of  the  isoquinoline  nucleus  were  prepared. 

2.  A  series  of  esters  and  hydrazides  of  these  acids  were  prepared. 

3.  It  was  shown  that  In  l-alkoxy-7,8-dImethoxy-3-IsoquinollnecarboxylIc  acids,  the  alkoxy  group  in  the 
1 -position  of  the  isoquinoline  nucleus  is  mobile  in  acid  medium  and  is  readily  hydrolyzed. 
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REGUI.ARITIES  IN  THE  CHANGES  IN  ACIDITY  AND  BASICITY  IN 


HOMOLOGOUS  SERIES  OF  a.  w  -  DIFU  NOTION  A  L  COMPOUNDS 

I.  REGULARITIES  IN  THE  CHANGES  IN  ACIDITY  IN  HOMOLOGOUS  SERIES  OF  w- 
HALO-SUBSTITUTED  ALIPHATIC  n-CARBOXYLIC  ACIDS 

L  .  A  .  Mai 

Commonwealth  Blood -Transfusion  Station  J^atvian  SSR 


As  is  well  known,  the  reason  for  the  increased  acidity  of  polar-substituted  aliphatic  carboxylic  acids  and 
the  increased  reactivity  of  the  substituent  itself  is  a  mutual  effect  of  an  electrostatic  nature.  The  substituting 
atom  (or  group  of  atoms),  owing  to  its  electronegativity  (halogens),  its  weakly  shielded  positive  charge  (^Hs). 
or  its  dipole  structure  (CN.  NOj).  causes  a  successive  shift  of  the  electron  density  in  its  own  direction  (induct¬ 
ive  shift")  along  the  line  of  o -bonds  or  else  acts  directly  through  space.  In  one  way  or  another,  in  tlie  result¬ 
ing  field,  tlie  protonized  hydrogen  atom  of  the  COOH  group  exhibits  in  the  field  a  more  or  less  highly  positive 
potential  which  decreases  the  work  required  for  its  ionization. 

In  conformity  with  the  different  routes  by  which  the  mutual  effect  is  accomplished,  it  is  customary  to 
distinguish  an  inductive  effect  .which  is  transmitted  through  the  chain  of  atoms  along  the  line  of  covalent  bonds, 
and  an  electrostatic  effect  of  the  field,  which  operates  through  space  -  through  the  solvent  [1],  Up  to  the  pres¬ 
ent  these  two  effects  have  not  been  separated  in  practice.  The  changes  in  acidity  resulting  from  a  polar  sub- 
stitutent  can  be  qualitatively  explained  by  each  of  these  effects;  a  theoretical  and  semiquantitative  interpreta¬ 
tion  of  these  changes  presently  exists  only  for  the  field  effect.  Therefore,  the  inductive  effect,  the  nature  of 
which  is  not  clear,  is  sometimes  considered  as  a  special  case  of  the  field  effect  [2]. 

The  quantitative  interpretation  of  the  over-all  elec¬ 
trostatic  factor  and  its  effect  on  the  strength  and  reactiv- 
itiy  of  polar-substituted  acids  finds  confirmation  from  two 
different  directions.  There  are  the  simple,  but  completely 
empirical,  methods  of  calculation  [3-5],  the  best  known 
of  which  is  the  equation  of  Hammett  [5],  On  the  other 
hand,  the  change  in  acid  strength  can  be  calculated,  in 
a  number  of  cases,  using  the  concepts  of  the  classical 
electrostatic  field, for  example,  by  means  of  the  equations 
of  Bjerrum[6,  7],  Ingold  [8],  and  Kirkwood  and  Westheimer 
[9,  10].  The  inaccuracy  of  these  methods  is,  in  our  opin¬ 
ion,  due  not  only  to  the  difficulties  in  taking  into  consid¬ 
eration  a  series  of  complex  factors  [11,  12],  but  also  par¬ 
tially  to  the  one-sided  nature  of  the  basic  concept. 

A  characteristic  feature  of  the  electrostatic  effect 
is  its  rapid  attenuation  with  distance  between  the  atoms 
or  groups  mutually  affecting  each  other.  Thus,  for  ex¬ 
ample,  as  is  well  known,  the  acidity  of  tu -substituted  ali- 


Fig.  1.  Dependence  of  the  index  of  the  degree 
of  dissociation  (pKi=  -  logKj)  of  aliphatic  n- 
a.tu-dicarboxylic  acids  of  the  general  formula 
HOOC(CH2)nCOOH  on  the  length  of  the  car¬ 
bon  chain  (n). 
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phitlc  n-carboxylic  acids  rapidly  decreases  with  the  length  of  the  carbon  chain  (Figure  1). 

It  seemed  to  us  to  be  of  interest  to  study  the  electrostatic  effect  from  the  point  of  view  of  its  attenuation; 
i.  e.,  1)  to  determine  the  dependence  of  the  index  of  dissociation,  pKn  =  “igK^  ,  of  acids  having  the  general 
formula  X(CHj)nCC)OH  on  the  length  of  the  carbon  chain,  as  indicated  by  n,  and  to  develop  an  equation  for  pKn 
as  a  function  of  n;  2)  to  determine  whether  this  functional  relationship  is  general  for  all  w-polar-substituted  n- 
carboxylic  acids;  and  3)  to  establish  regular  relationship  between  the  parameters  in  the  equation  relating  pKn 
to  n  and  the  physical  values  characterizing  the  substituent  X. 


As  we  have  established,  the  Indices  of  dissociation  for  X  = 
Cl,  Br,  I,  COOH,  and,  evidently,  also  for  F,  CN,  OH,  and  SH  in¬ 
crease  with  an  increase  in  n  according  to  the  same  law; 

pKn  —  —  —  e  ■2  Ig  «  +  ( 1) 


where:  y ,  6,  (p  and  0  are  constants  for  a  given  substituent  (Ta¬ 
ble  1). 

In  Figure  2  is  shown  the  change  in  the  terms  of  Equation 
(1)  with  n,  which  expresses  the  length  of  the  carbon  chain,  for 
a,  u-dicarboxylic  acids. 

The  first  term  of  Equation  (1)  is  effective  only  for  n<2; 
the  second  term  is  effective  to  n:£3.  For  n>4.  Equation  (1)  as¬ 
sumes  a  very  simple  form,  namely: 


Fig.  2.  Dependence  of  the  changes  in  the 
terms  of  Equation  (1)  on  the  length  of  the 
carbon  chain  (n)  for  aliphatic  n-a,(j-di- 
carboxylic  acids. 


p/ir„  .-=  y  Ig  rt -f  8.  (2) 

Equation  (2)  is  very  accurate;  for  example,  it  permits  cal¬ 
culation  of  values  of  pH  for  a,<J-dicarboxylic  acids  with  devia¬ 
tions  from  the  experimental  values  not  exceeding  ±  0.01  (Table 
2).  In  Table  3  are  presented  the  indices  of  acidity  of  oi-monohalo- 
substituted  aliphatic  n-carboxylic  acids  calculated  by  means  of 
Equation  (1). 


The  physical  significance  of  the  individual  terms  of  Equation  (1)  are  apparent  in  the  group  of  o;-halocarbox- 
ylic  acids.  The  constants  y  and  6  for  this  group,  at  least  for  Cl,  Br,  and  I,  are  ideally  linear  functions  of  the 
electron  affinity  and  polarizability  of  the  halogen  or  of  the  dipole  moment  of  the  halogen -carbon  bond: 

7  =  0.55/?— 1.37,  (3) 

7  =  0.96  — O.OVj/i,  (4) 

7=1.2fi- I.IO,  (5) 


where  :  E  is'the  electron  affinity  of  the  halogen  in  ev  (from  reference  [17],  R  is  the  atomic  refraction  of  the  hal¬ 
ogen  in  cm*  g-atom~^)  (from  reference  [18]),  and  p  is  the  dipole  moment  of  the  halogen -carbon  bond  (in  D) 
(from  reference  [19])  (Figures  3  and  4). 

The  values  of  6  for  the  halogens  can  be  calculated  from  similar  equations  (See  Figure  5): 

8  =  4.93  —  0.14/?, 

8  =  11.35  .  10-^' i?  +  4.33, 

8  =  4.85  — 0.3fi. 


(6) 

(7) 

(8) 
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TABLE  1 

V  alues  of  the  Constants  of  Equation  (1)  for 
Some  Substituents  X 


X 

5 

y 

B 

(P 

Cl 

4.40 

0.70 

0.20 

2 

Br 

4.43 

0.57 

0.032 

4 

I 

4.49 

0.35 

0.030 

4 

COOH 

4.13 

1.00 

1.20 

1 

TABLE  2 

Indices  of  the  First  Stage  of  Dissociation  of 
Aliphatic  n-Dicarboxylic  Acids, 
HOC>C(CH2)nCOOH, Calculated  by  Means  of 
Equations  (1)  and  (2). 


n 

pK 

Calculated 

Experimental  (25*)* 

1 

2.83 

2.83 

2 

4.17 

4.19 

3 

4.34 

4.34 

4 

4.42 

4.42 

5 

4.48 

4.48 

6 

4.52 

4.52 

7 

4.55 

4.55 

8 

4.58 

4.61 

10 

4.63 

4.64 

12 

4.67 

4.67 

The  ratio  of  the  dissociation  constants  Kj  and  Kj  for 
members  of  the  homologous  series  XfCHj^jCOOH  (X=Cl,Br,I) 
is  also  a  linear  function  of  E,  R,  or  p  (Figure  6): 


A'l 

-rri  =  13.4£’  — 34.4, 
A2 

V- =  22.4  —  1 .072/?, 
A2 

A'l 

-jr  =  2%  —  21.b. 


(9) 

(10) 

(11) 


the  mobility  of  the  ions  (maximum  for  31"), 
of  monohaloacctic  acids  (extreme  value  for 
of  physical  constants  for  Cl  or  Br  are  due  to 
pie,  electron  affinity  and  polarizability. 


Values  of  y,  6,  and  K]/K2  for  fluorine  calculated  from 
E  and  from  R  are  in  agreement  (y=0.90,  6=4.35),  but  they  dif¬ 
fer  from  the  values  calculated  from  ,  which  are  equal  to  the 
corresponding  values  for  bromine  (since  the  dipole  moments 
for  the  C  —  Br  and  C  —  F  bonds  are  equivalent  [19]).  The  linear 
dependence  does  not  in  all  cases  extend  to  fluorine;  thus,  for 
example,  the  potential  of  the  electrostatic  field  calculated 
for  the  monohaloacetic  acids  [16],  but  only  in  the  case  of  Cl, 

Br,  and  I,  depend  linearly  on  the  electron  affinity  of  the  hal¬ 
ogen.  The  tme  value  of  6  for  F  could  be  calculated,using 
Equation  (2),from  the  dissociation  constants  of  6 -fluorovaleric 
acid  or  €-fluorocaproic  acid,  but  the  strength  of  these  acids, 
as  is  the  case  for  all  members  of  the  series  X=F  with  n>  1,  is 
presently  unknown. 

The  constants  0  and  (p  do  not  usually  vary  from  chlo¬ 
rine  to  iodine.*  *  The  majority  of  the  physical  constants  of 
halogen  atoms  and  ions,  as  well  as  the  thermodynamic  func¬ 
tions  of  halogen-substituted  compounds,  are  about  the  same 
for  chlorine  and  bromine,  and  vary  more  or  less  sharply  for 
fluorine  and  iodine,  attaining  a  maximum  or  minimum. The 
dipole  moments  of  halogen -carbon  bonds  (maximum  for  Cl)*  *  * 
and  the  change  in  heat  content  and  heat  capacity  during  ionization 
Cl  [16])  are  all  exceptions.  It  must  be  assumed  that  the  extremes 
the  convergence  of  two  or  more  inversely  varying  effects,  for  exam- 


Thc  regularities  in  the  change  of  acidity  in  the  cu -halo -substituted  aliphatic  n-carboxylic  acids,  in  spite 
of  their  empirical  nature,  shed  some  light  on  the  role  of  the  individual  factors  determining  the  intensity  of  the 
electrostatic  mutual  effect. 

Equation  (1)  can  be  written  in  the  form: 


AC  =  —  2.3U3y?r  Ig  A'„  =  A  =  Ai  +  A^  -f-  A^ 


(1-a) 


•  Data  for  members  of  the  series  up  to  n  =  7  were  taken  from  reference  [13],  for  n=8,  10,  and  12  from  refer¬ 
ence  [14],  taking  into  account  that  the  values  of  pK  for  the  first  stage  of  dissociation  of  aliphatic  dicarboxylic 
acids  in  20‘yo  aqueous  methanol  average  0.43  greater  than  the  values  of  pK  in  water, re  ported  in  reference  [13]. 

•  *  The  values  of  6  for  Br  and  I,  in  all  probability,  are  not  quite  the  same,  but  any  attempt  to  increase  their 
precision  seems  unwarranted  to  us,owing  to  the  errors  in  the  experimental  values  of  the  dissociation  constants. 

•  *  *  It  is  interesting  that  the  portion  of  p-electrons  in  the  electron  cloud  of  halogen  atoms  vary  from  fluorine 
to  iodine  directly  with  the  dipole  moment  of  the  halogen -carbon  bond. 
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where:  Is  the  change  in  the  change  in  free  energy  (more  precisely,  free  enthalpy)  of  the  dissociation  reac¬ 

tion;  A  is  the  maximum  (useful)  work  of  dissociation;  Aj,  A^,  A3  are  the  components  of  this  work,  and  are  equal, 
respectively,  to  RT-  y/  n®,  -  2.303RTe-  ® 2,303  RT  Ig  where  Ig  A  =  6.  The  term  Aj  disappears  complete 
ly  for  n  2:2;  we  assume,  therefore,  that  it  represents  the  energy  associated  with  the  inductive  moment;  this  energy, 
in  the  case  of  a  pole  (single  charge),  is  inversely  proportional  to  the  4th  power  of  the  distance,  and  in  the  case  of 
a  dipole  it  is  invenely  proportional  to  the  6th  power  of  the  distance  [20],  The  distance  law  and  the  direct  depend¬ 
ence  on  the  polarizability  of  the  halogen,  which  characterizes  the  deformability  of  the  electron  cloud  and  the 
strength  of  the  coupling  of  the  electrons  dispersed  in  an  electric  field,  in  our  opinion  indicates  the  presence  of 
an  inductive  polarization  effect. 

TABLE  3 

Indices  of  Acidity  of  lu -Monohalo -Substituted  n-Carboxylic  Acids 

X(CH2)^CC)0H  Calculated  by  Means  of  Equation  (1) 


1  pK 

Nos. 

X 

n 

Calculated 

Experimental 
(25*)  • 

1 

1 

2.88 

2.87 

2 

2 

4.09 

4.07 

3 

Cl 

3 

4.47 

4.52 

4 

4 

4.66 

4.69 

5 

5 

4.74 

4.75 

6 

6 

4.79 

4.79 

7 

1 

1  i 

1 

2.89 

2.90 

8 

1 

Hr 

1 

2 

3.97 

4.01 

9 

I 

3 

4..'i9 

4..59 

10 

) 

i  ( 

4 

4.73 

4.72 

11 

1  ( 

1 

3.17 

3.175 

12 

1 

1  >  \ 

2 

4.02 

4.05 

13 

1 

3 

4.61 

4.64 

14 

J 

1 

4 

4.79 

4.77 

•  Data  for  the  members  of  all  series  with  n  >  1  were  taken  from 
reference  [15],  The  data  for  the  monohaloacetlc  acids  are  new 
precise  data  obtained  conductometrically  [16], 


y 


Fig.  3.  Pependence  of  y  for  u-halo- 
substituted  aliphatic  n -carboxylic 
acids  on  the  atomic  refraction  (R)  of 
the  halogen. 


Fig.  4.  Dependence  of  y  for  w-halo 
substituted  aliphatic  n-carboxyllc 
acids  on  the  dipole  moment  (p)  of 
the  halogen -carbon  bond. 
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s 


Fig.  5.  Dependence  of  the  constant 
6  for  -halo -substituted  aliphatic 
n -carboxylic  acids  on  the  dipole  mo¬ 
ment  (p)  of  the  halogen -carbon  bond. 


Fig.  7.  Dependence  of  the  ratio 
(AHi-AH2V<y  of  the  carbon -halogen 
bond. 


Fig.  6.  Dependence  of  the  ratio  of  the 
first  and  second  dissociation  constants  for 
members  of  the  homologous  series 
X(CH2)nCOOH(X  =  Cl,  Br,  I)  on  the  atomic 
refraction  (R)  of  the  halogen. 

A3  evidently  represents  the  work  associated  with  the 
electric  field  created  by  the  substituent  atom  or  group  of 
atoms  and  the  polarized  hydrogen  atom  of  the  CCX)H  group, 
which  is  polarized  through  the  solvent.  The  manner  in  which 
A I  and  Ag  depend  on  the  dielectric  constant  (D)  of  the  solvent 
must  therefore  be  different;  A3  must  be  inversely  proportional 
to  D,  while  Aj  is  independent  of  D.  The  difficulty  of  tak¬ 
ing  into  account  the  "true",  effective  dielectric  constant  in 
the  Kirkwood-Westheimer  model  is,  in  our  opinion,  due  not 
so  much  to  complications  of  the  calculation  [11]  as  to  ignor¬ 
ing  of  the  inductive  method  of  transference  of  the  mutual  ef¬ 
fect. 


When  the  distance  between  the  groups  mutually  affect¬ 
ing  each  other  is  of  the  order  of  4CH2,  the  only  route  by  which 
the  mutual  effect  is  transferred  becomes  the  field—  the  solvent; 
in  our  opinion,  bending  of  the  polymethylene  chain  must  con¬ 
tribute  to  this  mechanism.  * 


All  energy  values  of  an  electrostatic  nature  must  enter  into  the  enthalpy  change  of  the  dissociation  reaction, 
i.  e.,  into  the  first  term,  AH®,  of  the  equation  for  the  free  energy  of  the  reaction. 

T  T 

c  r  AC 

AGO  =  A//0  -f  J  ACpdT  —  T  |  dT  —  TASO 
0  b 


Among  the  monoha loace tic  acids,  the  ratio  (aHj  — AH2)/  S  (AHj,  AH2  are  the  changes  in  heat  content- 
of  the  unsubstituted  and  substituted  acids,  S  is  the  field  potential)  is  a  minimum  for  chloroacetic  acid  [16], 


•  In  solutions  of  filiform  molecules,  molecules  with  sufficiently  long  polymethylene  chains  (n>4),  the  statistical 
weight  of  the  spherical  stmcture  (constellations)  increases  with  an  increase  in  chain  length.  The  most  probable 
average  distance  L  between  the  ends  of  such  a  long  chain,  which  consists  of  N  links  (C-C)  which  rotate  about  each 
other,  is  proportional  to-^N  or  -y/m-1;  as  shown  above,  —  Ig  Kn  is  proportional  to  i.  e.,  taj  L*-l. 
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while  <y.as  we  have  shown ,  increases  linearly  with  the  electron  affinity  of  the  halogen  from  iodine  to  chlorine 
uid  tiicn.  at  a  slower  rate,  to  fluorine.  It  can  be  shown  that  the  ratio  (AHi-aHj)/^  depends  linearly  on  the  di¬ 
pole  moment  of  the  C-X  bond  (Figure  7): 


Mil  — 
S 


a  —  6(1, 


(12) 


where  a  and  b  are  constants  for  each  group  of  halogens. 


P^n 


Fig.  8.  Dependence  of  the  index  of 
w-halo -substituted  aliphatic  n-cai- 
boxylic  acids  on  the  electron  affinity 
(E)  of  the  halogen. 
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Fig.  9.  Dejxmdence  of  the  index  of 
dissociation  of  w-halo-substituted 
aliphatic  n-carboxylic  acids  on  the 
dipole  moment  (p)  of  the  halogen- 
carbon  bond. 


It  is  impossible  to  explain  the  increase  in  dissociation  of  acetic  acid. due  to  substitution  of  halogen, by  the 
field  effect  alone.  The  nature  of  the  changes  in  AH  and  ACp  for  monohaloacetic  acids  (minimum  for  Cl  [16]) 
also  supports  the  contention  of  a  complex  electrostatic  effect.  Evidently,  both  components  of  this  effect  increase 
the  acidity;  one  increases  from  I  to  F  (field  effect,  uniformly  increasing  with  electron  affinity),  and  the  other  in¬ 
creases  (polarizabilityifrom  F  to  L 

The  existence  of  different  mechanisms  for  the  transfer  of  the  electrostatic  effect  at  small  distances  can  be 
conjectured  from  Figures  8  and  9;  the  dependence  of  pKn  on  the  electron  affinity  of  the  halogen  and  the  dipole 
moment  of  the  C~X  bond  differs  for  n=l,2  and  3,  and  levels  out  only  for  n  =  3  and  4. 

The  physical  significance  of  the  term  Aj  of  the  equation  (1-a)  still  remains  obscure.  The  attenuation  law 
of  this  term  indicates  a  connection  with  Aj.  To  a  certain  approximation 

£ 

-X— =T  =  const  =  2.38  ±  0.10.  ‘  (13) 

Moreover,  that  Aj  reflects  some  of  the  change  in  entropy  and  heat  capacity  accompanying  the  dissociation 
of  the  acids  and  is  connected  with  peculiarities  of  the  solvation  of  the  undissociated  acids  and  their  ions  by  the  sol¬ 
vent  cannot  be  ignored. 


SUMMARY 

1.  An  empirical  equation  was  developed  expressing  pKn  as  a  function  of  n  for  the  homologous  series  of  tu- 
polar-substituted  aliphatic  n-carboxylic  acids  X(CH2),^COOH  (X=C1.  Br.  I.COOH). 

2.  The  regularities  of  the  dependence  of  the  constants  of  this  equation  on  the  electron  affinity  and  atomic 
refraction  (polarizability)  of  the  halogen  and  on  the  dipole  moment  of  the  halogen -carbon  bond  were  established 
for  a  group  of  cj -monohalo  -substituted  aliphatic  n-carboxylic  acids. 
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3.  These  regularities  and  the  nature  of  the  changes  in  certain  thermodynamic  functions  of  the  dissociation 
reaction  Indicate  the  complex  nature  of  the  electrostatic  effect. 
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ACYLAMINO  DERIVATIVES  OF  NUCLEOSIDES 

III.  SYNTHESIS  OF  ACYLAMIDO  DERIVATIVES  OF  ADENOSINE  AND  9-8  -D-GLU- 
COPYRANOSYLGUANINE 

Z.  A.  Shabarova,  Z.  P.  Polyakova  and  M.  A.  Prokof'ev 
Moscow  State  University 


In  previously  published  pajjers  [1,  2],  we  described  a  method  for  the  synthesis  of  acylamido  and  peptide 
derivatives  of  nucleosides  in  which  the  amino  group  [3]  of  the  latter  is  bonded  through  an  amide  bond  with  a- 
amino  acids  as  well  as  with  di  -  and  tripeptides.  The  aim  of  the  present  work  was  the  development  of  a  meth¬ 
od  of  synthesis  of  acylamido  derivatives  of  purine  aminonucleosides,  which  form  part  of  the  composition  of  nu¬ 
cleic  acids  -  adenosine  and  guanosine. 

The  initial  adenosine  was  separated  from  adenosinetriphosphoric  acid  (ATP);  in  carrying  out  the  separation, 
we  also  found  conditions  for  the  hydrolysis  of  ATP  under  which  it  was  possible  to  direct  the  cleavage  of  the  ATP 
In  either  of  two  directions; 


NH,  NHz  ^  ^  .  r,  u  I  •  a 

Adenosine  Adenosine -S'- phosphoric  acid 


If  the  hydrolysis  of  ATP  is  carried  out  in  a  50%  aqueous  solution  of  pyridine  in  an  autoclave  at  110*  for  a 
period  of  100  hours,  the  main  product  of  the  hydrolysis  is  adenosine,  and  adenosine -5’-phosphorIc  acid  is  pres¬ 
ent  in  the  hydrolysis  product  only  in  small  amounts.  When  the  hydrolysis  of  ATP  is  carried  out  with  a  30% aque¬ 
ous  solution  of  pyridine  for  6  hours  at  100*  (atmospheric  pressure),  the  main  product  is  adenosine -5’ -phosphoric 
acid.  The  course  of  the  hydrolysis  was  followed  by  means  of  paper  chromatography  in  isoamyl  alcohol-5% 
Na2HP04  solution  as  the  solvent  [4]. 

The  adenosine  was  separated  from  the  hydrolysis  product  obtained  by  Jiydtolysis  of  ATP  with  a  50%  solu¬ 
tion  of  pyridine  (110*,  100  hours)  by  passing  the  hydrolysis  product  through  EDE-10  (Omorm)  resin  after  precipi¬ 
tation  of  the  free  phosphoric  acid.  The  adenosine -5' -phosphoric  acid  was  adsorbed  by  the  resin,  and  the  adeno¬ 
sine  stayed  in  the  filtrate;  the  adenosine  was  precipitated  from  a  concentrated  solution.  In  the  preparation  of  adeno 
sIne-5’ -phosphoric  acid, the  hydrolysis  product  obtained  by  hydrolysis  of  ATP  with  a  30%  pyridine  solution  was  pass 
ed  through  KU-2(H+  form)  resin.  The  adenosine  was  adsorbed  on  the  resin, and  the  acid  stayed  in  the  filtrate,  from 
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which  It  was  precipitated  after  concentration  of  the  solution.  In  either  case,  the  adenosine -5’ phosphoric  acid 
and  the  adenosine  formed  during  the  hydrolysis  were  eluted  from  the  ion  exchange  resin  with  acid  (1  N)  or  a 
solution  of  ammonia  (10  <^)" 

As  the  other  purine  nucleoside,  we  used  the  closest  analog  of  guanosine  —  9-6  -D-glucopyranosylguanine, 
which  was  prepared  synthetically.  On  the  basis  of  the  data  of  Davoll  and  Lowy  [5],  who  accomplished  the  syn¬ 
thesis  of  this  nucleoside  from  2,6-diaminopurine,  we  were  successful  in  obtaining  9-6 -D-glucopyranosylguanlne 
from  guanine  by  means  of  the  following  transformations: 


Acetobromoglucose 


The  resulting  glucopyranosylguanine  had  a  melting  point  and  an  Ry  which  were  in  agreement  with  the 
literature  values  [5].  However,  a  study  of  the  u.  v.  absorption  spectrum  of  this  compound  (Xmax  ^50  and 
277  mp)  showed  that  it  was  a  mixture  of  9-6-D^niax  250  mp)  and  7-6 -D -glucopyranosylguanine  (Xmax 
245  and  280  mp )  [6].  After  repeated  re  crystallization  from  water,  we  were  able  to  separate  these  two  isomers. 
Only  the  9-0 -D-glucopyranosylguanine  was  introduced  into  the  aminoacylation  reaction. 

The  amino  groups  in  adenosine  and  9-6  -D-glucopyranosylguanine  are  quite  inert  toward  acylating  agents. 

In  contrast  to  cytosine  nucleosides  [1,  2],  the  amine  groups  in  adenosine  and  guanosine  are  not  acetylated  in  the 
cold  by  acetic  anhydride  [7].  Attempts  to  prepare  acylamido  derivatives  of  adenosine  and  9-0 -D-glucopyranosyl¬ 
guanine  by  acylation  with  mixed  anhydrides,  with  cyanomethyl  esters,  and  with  thio  esters  of  amino  acids,  as  well 
as  the  use  of  the  carbodiimidc  method,  ended  in  failure.  Aminoacylation  (acylamidation)  of  these  nucleosides 
could  be  carried  out  only  with  phthalylaminoacyl  chlorides,  for  example: 


/CO\ 

Ac  =  C,H,<  >N  -CH-CO 
I 

n 

The  reaction  was  carried  out  in  absolute  benzene  in  the  presence  of  tributylamine  or  in  absolute  pyridine 
by  refluxing  for  several  hours.  Under  these  conditions,  triacetyladenosine  was  aminoacylated  only  at  the  amino 
group.  Aminoacylation  of  free  adenosine  and  of  9-0  -D-glueopyranosylguanine  occurred  both  at  the  amino  group 
and  at  the  hydroxyl  groups  of  the  sugar.  Lists  of  the  compounds  synthesized  are  presented  in  Tables  1  and  2. 

The  acylamido  derivatives  of  adenosine  and  9-0 -D-glucopyranosylguanine  prepared  by  us  were  hygroscop¬ 
ic  substances  which  lost  water  with  difficulty  when  vacuum  dried  over  P2O5.  A  study  of  the  hydrolytic  stability 
of  the  amide  bond  in  these  compounds  showed  that:  a)  long  (up  to  50  hours)  refluxing  did  not  hydrolyze  the  arn- 
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In  the  examples  studied  by  us,  no  sharp  difference  was  detected  in  the  nature  of  the  amide  bond  in  acyl- 
amido  derivatives  of  adenosine  and  guanine  nucleosides. 

EXPERIMENTAL 

Separation  of  adenosine.  A  solution  of  10  g  of  ATP  in  150  ml  of  a  50*51)  aqueous  solution  of  pyridine  was 
heated  in  an  autoclave  at  110-  for  100  hours.  The  solution  was  evaporated  to  dryness  under  vacuum,  the  sirup 
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was  dissolved  In  50  ml  of  water,  and  a  saturated  solution  of  Ba(OH)2  was  added  to  the  solution  until  it  was  weakly 
alkaline.  The  precipitated  Baj(P04)2  filtered  and  washed  with  hot  water.  The  filtrate  and  wash  water  were 
evaporated  under  vacuum  to  20  ml,  and  acidified  with  concentrated  H2SO4  to  a  weakly  acid  reaction;  the  BaS04 
was  filtered  and  the  filtrate  was  passed  through  EDE-10  (OH“  form)  resin  (1.5  x  30  cm).  The  column  was  wash¬ 
ed  with  water  (200  ml),  and  the  filtrate  and  wash  water  were  evaporated  under  vacuum  to  50  ml.  A  voluminous 
precipitate  (needle  clusters)  formed  in  the  cooled  solution,  and  this  was  filtered  and  recrystallized  from  water. 
After  the  material  was  dried  at  100*,  the  m.  p.  was  235*.  The  literature  value  for  the  m.  p.  is  234-235*  [8].  The 
yield  was  4.2  g.  Absorption  in  the  u.  v.  (96*70  02115011):  ^-max  260  mp  ((c  1700),  0.55  (isoamyl  alcohol  -  5*70 

solution  of  Na2HP04). 

Separation  of  adenosine -5' -phosphoric  acid.  A  solution  of  5  g  of  ATP  in  150  ml  of  a  30*7o  aqueous  solution 
of  pyridine  was  refluxed  for  6  hours,  and  evaporated  under  vacuum— the  residue  was  dissolved  in  10  ml  of  water. 

A  saturated  solution  of  Ba(OH]^was  added  to  the  solution  to  a  weakly  alkaline  reaction.  The  precipitated  Ba3(P04)2 
was  filtered  and  washed  with  hot  water.  The  filtrate  and  wash  water  were  evaporated  to  20  ml.  The  solution  was 
chromatographed  ‘with  isoamyl  alcohol— SP/osolution  of  Na2HP04  as  the  solvent.  On  the  descending  chromatogram 
were  observed  two  spots  with  RJ  of  0.55  and  0.70,  which  correspond  to  adenosine  and  adenosine -5’ -phos¬ 
phoric  acid,  the  adeiwsinc  spot  being  considerably  smaller.  The  solution  was  passed  through  KU-2  resin  (M*”  form) 
(1  X  20  cm).  The  column  was  washed  with  water  (150  ml);  the  filtrate  and  wash  water  were  evaporated  under  vac¬ 
uum  to  50  ml.  A  precipitate  formed  in  the  cooled  solution,  and  this  was  filtered  and  washed  with  water.  The 
adenosine-5' -phosphoric  acid  was  recrystallized  from  water  and  dried  at  100*.  M.  p.  200”  (with  decomposition). 

The  liter iture  value  for  the  m.  p.  is  196-200*.  The  yield  was  2.3  g.  Absorption  in  the  u.  v.  (96*7o  C2H5OH):  Xj^ax 
260  mp  (e  14  500). 

Preparation  of  the  acetyl  derivatives  of  adenosine.  Triacetyladenosine  was  prepared  by  the  method  of  ref¬ 
erence  [7].  M.  p.  170®,  R^  0.70  (isoamyl  alcohol -5*7»  solution  of  Na2HP04).  Absorption  in  the  u.  v.  (96%  C2HSOH); 
Xmax  260  mp  .(c  9925). 

Tctraacctyladenosine  was  also  prepared  by  the  method  of  reference  [7].  The  tetraacetyladenosine,  which 
was  obtained  in  the  form  of  a  syrup,  was  dissolved  in  benzene,  and  the  solution  was  evaporated  to  dryness.  After 
3-fold  evaporation  of  benzene  solutions,  the  resulting  material  decomposed  at  60-65*.  Absorption  in  the  u.  v. 
(96*7>  C2H5OH):  X  272  mp  (e  8000).  R^  0.45  (ascending  chromatogram  in  n-butyl  alcohol  saturated  with 
water). 

Ng-Phthalylglycyltriacetyladenosine  (I).  0.2  ml  of  tributylamine  was  added  to  a  solution  of  0.3  g  of  tri¬ 
acetyladenosine  and  0.2  g  of  phthalylglycyl  chloride  in  25  ml  of  absolute  benzene.  The  solution  was  refluxed 
for  6  hours,  cooled,  and  evaporated  to  dryness  under  vacuum.  The  oil  was  dissolved  in  10  ml  of  alcohol,  and  20 
ml  of  water  was  added  to  the  solution.  The  precipitate,  which  formed  in  the  cooled  solution,  was  filtered,  wash¬ 
ed  with  water,  and  reprecipitated  once  from  alcohol  (animal  charcoal).  The  substance  was  dried  in  a  vacuum 
desiccator  over  P2O5.  Before  analysis,  the  substance  was  dried  under  vacuum  over  P2O5  at  75*  for  10  hours. 

Found  %  N  13.47.  C26H2PioN6'2H20.  Calculated  *7o:  N  13.63. 

Ng-Phthalylphenylalanyltriacetyladenosine  (IV).  A  solution  of  0.1  g  of  triacetyladenosine  and  0.08  g  of 
phthalylphenylalanyl  chloride  in  10  ml  of  pyridine  was  allowed  to  stand  for  24  hours  at  37*.  The  solvent  was 
evaporated  under  vacuum,  and  the  residue  was  dissolved  in  chloroform;  the  solution  was  washed  with  water, 
NallCOs  (10*7o).  1  N  H2SO4,  and  again  with  water,  and  was  dried  over  Na2S04.  Petroleum  ether  was  added  to  the 
dried  solution.  The  resulting  precipitate  was  re  precipitated  from  chloroform.  Before  analysis,  the  material  was 
dried  under  vacuum  over  P2O5  at  75*  for  two  weeks. 

Found  7o:  C  59.31;  H  4.65;  N  12.41.  CjjHgoOioNg-  Calculated  %:  C  59.1;  H  4.-19  N  12.54. 

Hydrolysis  of  (IV).  The  substance  was  heated  with  water  for  50  hours.  The  u.  v.  absorption  characteristic 
of  the  amino  group  in  phthalylaminoacyl  derivatives  of  adenosine  (X  max  268  mp)  was  unchanged. 

0.01  g  of  (IV)  was  heated  with  0.1  N  NaOH  for  30  minutes.  0.75  ml  of  0.1  N  NaOH  was  consumed  in  re¬ 
action  with  the  resulting  free  COOH  groups.  Calculated  for  5  COOH  groups:  0.75  ml  of  0.1  N  NaOH.  2  moles 
of  base  per  mole  of  phtlialylamino  acid  were  consumed  in  the  titration  of  (IV). 


•  No.  2  chromatograph  paper  from  the  Leningrad  plant  was  used. 
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N^-Phthalylvalyltrlacetyladenoslne  (III).  This  compound  was  prepared  similarly  to  (IV).  Before  analysis, 
the  material  was  dried  for  20  hours  at  70*  over  P^Os  under  vacuum. 

Found  N  12.95  CjjHjoOioNj-Hp.  Calculated  N  13.1. 

Tetraphthalylglycyladenoslne  (II).  A  solution  of  0.27  g  of  anhydrous  adenosine  and  0.88  g  of  phthalygly- 
cyl  chloride  in  50  ml  of  absolute  dioxane  was  heated  for  5  hours  on  a  water  bath.  The  resulting  precipitate  was 
filtered  and  washed  with  water,  a  IQPjo  solution  of  NaHCOs,  and  again  with  water.  The  substance  was  not  soluble 
in  the  common  organic  solvents.  Before  analysis,  the  substance  was  dried  under  vacuum  at  70*  over  PjOs  for  20 
hours. 


Found  N  12.09.  CsoHj/DieNj-HtO.  Calculated  N  12.18. 

Synthesis  of  9 -B -D-glucopyranosylguanine.  1.  Acetylguanine.  To  a  suspension  of  1  g  of  dry,  finely 
powdered  guanine  in  70  ml  of  freshly  distilled  acetic  anhydride  was  added  2  drops  of  H^*04.  The  mixture  was 
rapidly  heated  to  boiling  on  a  glycerin  bath.  The  solution  became  transparent  after  half  an  hour,  and  the  heat¬ 
ing  was  stopped.  The  acetylguanine.  which  precipitated  when  the  solution  was  cooled,  was  recrystallized  from 
dilute  alcohol.  M.  p.  260*.  The  yield  was  0.8  g  (63.4%).  Literature  data  for  acetylguanine  [10);  m.  p.  260*. 

2.  Chloromercuri  derivative  of  acetylguanine.  To  a  solution  of  1  g  of  acetylguanine  in  250  ml  of  hot 
aqueous  methyl  alcohol  was  added  0.016  g  of  sodium  hydroxide  in  1  ml  of  water  and  1.5  g  of  mercuric  chloride 
dissolved  in  a  small  amount  of  hot  methyl  alcohol.  The  amorphous  precipitate  was  filtered  and  dried  in  a  vac¬ 
uum  desiccator.  The  yield  was  1.7  g  (76.7%). 

3.  Pentaacetylglucopyranosylguanine.  The  carefully  ground  chloromercuri  derivative  of  acetylguanine. 

(1  g)  was  suspended  in  absolute  xylene.  Part  of  the  xylene  was  distilled  until  the  distillate  became  transparent. 

1.5  g  of  acetobromoglucose  [11]  dissolved  in  xylene  was  added  to  the  suspension.  The  solution  was  heated  for 

1  hour  with  vigorous  stirring,  and  the  precipitate  was  washed  with  chloroform.  The  chloroform  and  xylene  solu¬ 
tions  were  combined,  washed  with  a  30%  solution  of  K1  and  then  with  water,  dried  over  Na2S04,  and  evaporated 
to  dryness  under  vacuum.  The  remaining  oil  was  dissolved  in  the  minimum  volume  of  absolute  ethyl  alcohol. 
Absolute  ether  was  added  to  the  solution.  The  precipitate  was  triturated  2  times  with  absolute  ether,  and  was 
recrystallized  from  water.  The  yield  was  0.5  g  (42%).  M.  p.  295*  (with  decomposition).  Before  analysis,  the 
material  was  dried  under  vacuum  at  100*  over  PjOs  for  2  days. 

Found  %;  C  47.04;  H  5.00.  CjiHjjOnNs  Hp.  Calculated  %:  C  46.60;  H  5.00. 

Absorption  in  the  u.  v.  in  phosphate  buffer  at  a  pH  of  6.7;  261  m/i  (c  1140). 

4.  9-^  -D-glucopyranosylguanine.  To  a  boiling  solution  of  0.1  g  of  pentaacetylglucopyranosylguanine  in 
1.7  ml  of  absolute  methyl  alcohol  was  added  a  hot  solution  of  sodium  alcoholate  (20  mg  of  sodium  in  1.7  ml  of 
absolute  methyl  alcohol).  A  voluminous  precipitate  immediately  formed.  The  mixture  was  refluxed  for  1  hour, 
and  water  was  then  added  until  the  precipitate  completely  dissolved.  The  solution  was  refluxed  another  30  min¬ 
utes,  and  allowed  to  stand  overnight.  After  neutralization  with  20%  acetic  acid,  an  excess  of  lead  acetate  was 
added.  An  amorphous  precipitate  formed  when  the  mixture  was  alkalized  with  an  aqueous  solution  of  ammonia; 
the  precipitate  was  filtered  and  dissolved  in  7  ml  of  20%  acetic  acid.  Hydrogen  sulfide  was  passed  through  the 
solution  until  precipitation  of  PbS  was  complete;  the  PbS  was  filtered  and  washed  with  water.  The  filtrate  and 
wash  water  were  evaporated  to  a  small  volume,  cooled,  and  the  resulting  gelatinous  precipitate  was  recrystallized 
from  water.  The  yield  was  16  mg  (26.6%).  M.  p.  230-235*  (with  decomposition),  R^*0.22.  U.  V.  absorption  in 
phosphate  buffer  (pH  6.7);  Xmax  250.  277  mp  (c  1500,11  000).  According  to  reference  [5],  the  m.  p.  is  235 
(with  decomposition);  R.^  *  0.22;  u.  v.  absorption  in  phosphate  buffer  (pH  6.7);  X  250  mp  (e  13  900).  200 
mg  of  the  material  was  dissolved  by  heating  in  40  ml  of  water,  and  the  solution  was  allowed  to  stand  overnight 

at  room  temperature;  the  resulting  precipitate  of  7-6 -D-glucopyranosylguanine  was  filtered.  The  filtrate  was 
allowed  to  stand  for  2  days  at  0*.  The  voluminous  gelatinous  precipitate  of  9-B  -D-glucopyranosylguanine  was 
filtered  and  re  crystallized  2  times  from  water. 

U.  V.  absorption  in  phosphate  buffer  (pH  6.7);  for  7-6  -D-glucopyranosylguanine;  >niax  245,  280  mp  (c 
7900,  8900);  for  9-6 -D-glucopyranosylguanlne;  Xniax  250  mp  (c  13  900). 

Penuphthalylglycyl-9-6  -D-glucopyranosylguanlne  (V).  A  suspension  of  0.1  g  of  9-6 -D-glucopyranosyl¬ 
guanine  and  0.5  g  of  phthalylglycyl  chloride  in  15  mf  of  absolute  pyridine  was  refluxed  for  15  hours.  The  small 

•The  partition  coefficient  is  given  for  the  descending  chromatogram  in  n -butanol— diethylene  glycol— water 
(4  :  1 :  1)  in  an  atmosphere  of  ammonia. 
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amount  of  precipitate  was  filtered,  the  precipitate  was  evaporated  to  dryness  under  vacuum,  and  the  residue  was 
triturated  with  water.  The  amorphous  precipitate  was  purified  by  repeated  precipitation  from  benzene  with  ab¬ 
solute  ether.  Before  analysis,  the  material  was  dried  under  vacuum  at  70*  over  PjOs  for  3  days. 

Found  %:  N  11.07.  C6,H4o02iNio-H20.  Calculated  %;  N  11.03. 

Pcntaphtlialylphenylalanyl-9-8  -D-glucopyranosylguanine  (VII).  This  substance  was  prepared  similarly  to 
(V).  Before  analysis,  the  material  was  dried  under  vacuum  at  70“  over  PjOs  for  3  days. 

Found  %;  N  8.03.  CggHToOziNio-HjO.  Calculated  %:  N  8.15. 

Pentaphthalylvalyl -9-8  -D-glucopyranosylguanine  (VI).  The  substance  was  prepared  similarly  to  (V).  Be¬ 
fore  analysis,  the  material  was  dried  under  vacuum  at  65*  over  PjOs  for  13  hours. 

Found  ‘7o:  C  60.74;  H  6.13;  N  9.51.  C76H7o02iNio'2HjO.  Calculated  C  61.04;  H  4.95;  N  9.37. 

After  the  material  was  dried  under  vacuum  at  65*  over  P2O5  for  3  days,  analysis  gave  the  following  results; 

Found  70:  N  9.40.  C76H7o02iNio*H20.  Calculated  7o:  N  9.49. 

Hydrolysis  of  the  acylamido  derivatives  of  9-B  -D-glucopyranosylguanine.  A  solution  of  30  mg  of  pentaph- 
thalylglycyl-9-8  -D-glucopyranosylguanine  in  4.9  ml  of  a  0.1  N  solution  of  sodium  hydroxide  was  refluxed  for 
30  minutes.  The  hydrolysis  product  was  brought  to  a  volume  of  5  ml  in  a  volumetric  flask,  and  2  ml  of  the  prod¬ 
uct  was  back-titrated  witli  0.1  N  NaOH.  On  hydrolysis,  12  mg  of  the  material  consumed  0.96  ml  of  0.1  NNaOH. 
The  amount  of  0.1  N  NaOH  calculated  for  10  carboxyl  groups  is  0.97  ml.  The  hydrolysis  product  was  chromato¬ 
graphed  in  n-butanol-xliethylene  glycol— water  (4;1:1)  in  an  atmosphere  of  ammonia.  On  development  of  the 
chromatogram  under  u.  v..  two  spots  were  observed  with  0.22  and  Rj  0.41.  For  comparison,  9-8  -D-gluco¬ 
pyranosylguanine  (Ry  0.22)  and  the  hydrolysis  product  of  pnthalylglycine  *  {Rj  0.41)  were  placed  on  the  chromato¬ 
gram. 

Similar  results  were  obtained  during  the  hydrolysis  of  pentaphthalylvalyl-  and  pentaphthalylphenylalanyl- 
9-8  -D-glucopyranosylguanine. 


SUMMARY 

1.  The  syntheses  of  phthalylamidoacyl  derivatives  of  adenosine  and  9-8  -D-glucopyranosylguanine  were 
carried  out. 

2.  It  was  established  that  the  amine  group  in  the  purine  aminonucleosides  are  aminoacylated  under  more 
vigorous  conditions  than  in  the  cytoside  nucleoside. 

3.  It  was  shown  that  the  amide  bonds  in  the  acylamido  derivatives  of  adenosine  and  9-8  -D-glucopyranosyl 
guanine  are  stable  toward  the  hydrolytic  action  of  water,  but  are  readily  hydrolyzed  by  alkali  (0.1  N). 
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DIOXANE  AND  D  I  OX  A  N  E-B  E  N  Z  E  N  E  COMP.LEXES  OF  LITHIUM- 
AROMATIC  COMPOUNDS 

B.  M.  Mikhailov  and  N.  G.  Chernova 
Institute  of  Experimental  Cancer  Pathology  and  Therapy 


Complex  compounds  of  arylllthium  with  dioxane  were  first  prepared  by  us  [1]  by  mixing  a  benzene  solu¬ 
tion  of  n-butyllithium  with  dioxane  solutions  of  aryl  bromides.  In  this  preparation,  the  aryllithlums  are  formed 
by  the  exchange  reaction: 

ArBr  +  n-C4HgLi  =  ArLi  -(-  n  -C4H9Br. 

Conclusions  as  to  the  content  of  dioxane  in  the  compounds  obtained  by  this  method  were  based  on  deter¬ 
minations  of  the  metal  in  them  and.  in  the  case  of  derivatives  of  solid  hydrocarbons,  determinations  of  the  hy¬ 
drocarbon  part.  During  a  furtlier  investigation  of  the  dioxane  complex  of  3-pyrenyllithium  [2],  which  was  pre¬ 
pared  in  a  similar  manner,  we  analyzed  not  only  for  the  metal  content  and  hydrocarbon  content,  but  also  for  di¬ 
oxane  content.  In  this  way,  it  was  discovered  that  the  complex  compound  of  3-pyrenyllithium  contains  still 
another  substance  in  addition  to  dioxane.  In  connection  with  tliis  observation,  we  carried  out  an  additional  In¬ 
vestigation  of  the  previously  prepared  complex  compounds  of  aryllithiums  to  determine  quantitatively  the 
amount  of  dioxane  in  them, and  it  thereby  became  clear  that  in  certain  of  these  complexes  the  over-all  amount 
of  aryllithium  and  dioxane  comprised  72-867oof  the  weight  of  the  complex.  It  was  natural  to  assume  that  ben¬ 
zene.  which  was  used  as  the  solvent,  enters  into  the  composition  of  these  complex  compounds  [2]. 

TABLE  1 


Dioxane  Complexes  of  Lithium-Aromatic  Compounds  Prepared  in  a  Benzene  Medium 


Compound 

F  ound  (in  vfo) 

Calculated  (in  %)  for 
ArLi  *  C4Hg02  1 

Li 

Ar 

Dioxane 

LI 

Ar 

Dioxane 

Li 

Ar 

Dioxane 

9-Phenanthrylli- 
thium  •  C4H8O2 

2.35 

64.03 

30.48 

2.55 

65.09 

32.36 

1.93 

49.18 

49.89 

9-AnthryllIthIunT 
■  2C4Hg02 

1.98 

49.11 

49.65 

2.55 

65.09 

32.36 

1.93 

! 

49.18 

48.89 

The  analytical  data  obtained  during  the  investigation  of  the  complexes  are  presented  in  Tables  1  and  2; 
these  data  were  not  presented  in  our  previous  communication.  Upon  consideration  of  the  data  of  Table  1,  it  is 
seen  that  the  complex  of  9-phenanthryllithium  contains  dioxane  only  in  the  ainount  of  1  molecule  per  molecule 
of  aryllithium,  but  the  complex  of  9-anthryllithium  includes  2  molecules  of  dioxane;  this  is  in  agreement  with 
our  original  conclusion  [1].  In  Table  2  are  presented  data  relating  to  analyses  of  complex  compounds  of  phenyl- 
lithium,  p-tolyllithium,  o-tolyllithium,  p-chlorophcnyllithium  and  3-pyrenyllithium  (prepared  in  a  benzene - 
dioxane  medium);  the  analyses  were  carried  out  for  lithium  and  dioxane  content  and  also,  in  the  case  of  the 
complex  of  3-pyrcnyllithium,  for  the  hydrocarbon  part.  These  data  correspond  to  a  content  in  the  complexes  of 
2  molecules  of  dioxane  and  1  molecule  of  benzene  for  2  molecules  of  aryllithium  compound. 
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TABLE  2 


Diox  a  ne -Benzene  Complexes  of  Lithium-Aromatic  Compounds  Prepared  in  a  Benzene  Me¬ 
dium 


2(;jIIr,Li  •  3.40  fi2.0t  3.21  B2.04  2.6ri  67.71 

2«  (:il,(;iIl<Li  .  3C,II„02  3.01  .'i7.4l  2..‘i3  64.24 

23t-C,„ll;l.i  .  3C,II^(),  *  2.86  46.05  2.61  4!».63  2.24  56.77 

p  Cl iIM.i  •  21:41 1„02  2.62  64.66  3.01  57.41  2.53  64.24 

p-Cl(^Il4Li  .  20411^02  2.57  61.17  2.77  52.62  2.36  59.81 


•  1.1956  g  of  pyrene  was  obtained.  Found  °]oi  Cj^Hg  59.39.  2Ci6HgLi*  2C4Hj02*  Cgllg. 

Calculated  CjeHg  60.01 

For  proof  of  the  presence  of  benzene  in  the  above -indicated  complex  compounds,  one  of  them  —  the 
complex  of  p-chlorophenyllithium  —  was  prepared  in  considerable  quantity  (starting  with  0.1  mole  of  p-chloro- 
bromobenzene),  and  was  subjected  to  complete  analysis.  The  complex  of  p-chlorophenyllithium,  which  was 
prepared  in  a  benzene  medium  in  tlie  presence  of  dioxane,  was  carefully  washed  with  isopentane,  freed  from 
traces  of  the  latter  under  vacuum  (3  mm)  at  room  temperature,  and  decomposed.  From  the  hydrolysis  products 
was  separated  2.2  g  of  benzene,  which  corresponds  to  67.6*70 of  the  theoretical  benzene  content  considering  the 
complex  to  have  the  composition  2  ClCgH4Li*2C4Hg02*C6H€.  Hence,  it  can  be  concluded  that  the  complex  com¬ 
pounds  of  phenyllithium,  p-tolyllithium,  o-tolyllithium,  and  3-pyrenyllithium  when  prepared  in  benzene  medi¬ 
um  in  the  presence  of  dioxane,  which,  according  to  the  analytical  data,  have  the  composition  2ArLi*2C4Hj02* 
CgHg.  are  dioxane— benzene  complexes.  The  stmeture  of  these  compounds  can  be  represented  by  the  following 
structural  formula  (1),  which  reflects  the  rr  -complex  nature  of  the  bonds  of  the  benzene  molecule  with  the  lith¬ 
ium  atoms. 


It  should  be  pointed  out  that  the  ability  of  aromatic  hydrocarbons  to  add  to  organic  and  heteroorganic 
compounds  has  been  noted  in  a  number  of  cases.  Thus,  benzene  forms  complex  compounds  with  triphcnyl methyl 
[3],  trinaphthylboron  [4],  and  nickel  cyanide  [5]. 

In  order  to  clarify  the  effect  of  the  medium  on  the  complex -forming  ability  of  lithium -aromatic  compounds 
with  respxjct  to  dioxane,  we  studied  complexes  of  aryllitliiums  prepared  in  n-hexane  solution  in  the  presence  of 
dioxane.  An  amount  of  an  n-hexane  solution  of  n-butyllithium  corresponding  to  1  equivalent  of  n-butyllithium 
was  added  to  a  solution  of  the  aryl  bromide  in  a  mixture  of  n-hexane  and  dioxane,  the  latter  being  present  in 
an  amount  of  4  equivalents.  The  complex,  which  precipitated  from  the  solution,  was  filtered,  washed  with  n- 
hexane,  freed  from  solvent  under  vacuum,  and  analyzed  for  lithium  and  dioxane  content.  The  data  obtained 
are  presented  in  Table  3. 

As  seen  from  the  analytical  data,  phenyllithium,  o-tolyllithium,  and  a-naphthyllithium  form,  in  n-hexane 
medium  ,complexes  witli  dioxane  having  the  comjxjsition  2  ArLi*  3C4Hg02,  which  are  analogous  in  comjxjsition  to 
the  dioxane  complex  of  3-pyrenyllithium  prepared  in  ether  medium  [2]. 


226 


The  structure  of  these  complex  compounds  can  be  represented  by  structural  formula  (II). 

In  a  hexane  medium,  p-tolyllithium  and  p-chlorophenylllthlum  form  bis(dloxane)  complexes  (III),  ArLi* 
•2C^i02,  which  are  analogous  to  the  complex  of  2-anthryllithlum  prepared  in  benzene  medium. 


Ar-Ll 

,1 


oi 


(Q) 


(II) 


Li— Ar 

1 


ArLl 

(III)  NcT 


0 

.X 


Thus,  in  the  above -enumerated  complex  compounds,  lithium  has  the  coordination  number  3. 


TABLE  3 

Dioxane  Complexes  of  Lithium-Aromatic  Compounds  Prepared  in  an  n-Hexane  Medium 


Compound 

Found  (In  %) 

Calculated  (In  %)  for 
2ArLi  ■2C4HgOg  'C^ 

Di¬ 

oxane 

1 

Di¬ 

oxane 

Ben¬ 

zene 

k) 

4) 

C 

1  « 

Q  0 

Ben¬ 

zene 

m.) 

Ben¬ 

zene 

th 

2C„H5l.i  .  20^1180.2  .  Cgllg 

3.20 

43.22 

18.02 

3.28 

41.72 

18.49 

2P-CH3C„n4Li  •  2(^11802  .  CcHg 

3.23 

38.82 

15.59 

3.07 

39.10 

17.37 

2o-Cna(:,H,Li  •  2C  ll^Oa  •  C„ne 

3.23 

40.90 

13.51 

3.07 

39.10 

17.37 

2p-CI(:oILLi  .  2CJI8O2  •  C„He 

2.74 

36.32 

15,96 

2.82 

35.88 

15.89 

2(3-pyrenyllIthIum)  •  2C4II8O2  •  CgHg  • 

1.90 

26.00 

9.26 

2.07 

26.55 

11.64 

•  0.9533  g  of  naphthalene  was  obtained.  Found  %;  CjoUt  46.56.  2CioH7Li' 3C4HgOj. 
Calculated  %;  C10H7  47.74 


As  the  experimental  data  show,  the  nature  of  the  solvent  has  an  effect  on  the  complex -forming  ability  of 
lithium-aromatic  compounds  with  respect  to  dioxane.  Phenyllithium  adds  1  molecule  of  dioxane  in  ether  me¬ 
dium  [2],  while  it  has  now  been  found  that  in  hexane  medium  2  molecules  of  phenyllithium  are  combined  with 
3  molecules  of  dioxane  (Table  3). 

p-Tolyllithium  also  adds  less  dioxane  in  ether  solution  than  in  hexane.  When  4  equivalents  of  dioxane 
are  added  to  an  ether  solution  of  p-tolyllithium  a  complex  separates  which  contains  3  molecules  of  dioxane  per 
2  molecules  of  aryllithium  (see  Experimental),  while  in  a  hexane  medium,  p-tolyllithium  forms  the  bis(dioxane) 
complex  (Table  3);  in  an  ether  medium,  a-naphthyllithium  forms  the  monodioxane  complex  [2],  but  when  n- 
hexane  is  used  as  the  solvent,  the  dioxane  complex  has  the  composition  2a-CioH7Li*  3C4Hg02  (Table  3). 

It  should  be  pointed  out  that,  owing  to  its  simplicity,  the  method  described  by  us  for  the  preparation  of 
dioxane  and  dioxane— benzene  complexes  is  of  value  In  planning  syntheses,  especially  for  compounds  of  the 
benzene  series.  In  the  form  of  ether  solutions,  the  complexes  can  be  used  for  various  synthesis  operations  in 
which  it  is  not  desirable  to  use  aryllithiums  in  a  mixture  with  an  equimolar  amount  of  the  lithium  halide  (dur¬ 
ing  the  preparation  of  the  aryllithiums  from  lithium  and  aryl  halides). 

T.  V.  Talalaeva,  M.  M.  Nad*  and  K.  A.  Kocheshkov  [6]  reported  that  when  repeating  our  experiment  on 
the  synthesis  of  complex  compounds  by  the  action  of  n-butyllithium  on  aryl  bromides  in  benzene— dioxane  so¬ 
lution,  they  obtained  precipitates  with  high  contents  of  lithium  bromide  (28-42%).  The  authors  obtained  these 
results,  because  they  took  no  precautions  against  the  heat  evolved  from  the  reaction  mixture;  this  heat  favors 
the  formation  of  lithium  bromide  by  a  secondary  reaction  between  the  aryllithium  and  butyl  bromide.  When 
the  same  reaction  is  carried  out  under  mild  conditions,  namely,  cooling  with  ice  water  and  slow  stirring  of  the 
reagents,  the  complex  compounds  which  separate  from  the  solution  contain  only  traces  of  lithium  bromide.  In 
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the  article  cited  [1],  we  did  not  give  the  experimental  details,  but  we  did  point  out  in  other  communications 
[2,  7]  the  necessity  for  cooling  during  the  preparation  of  complex  compounds  of  aryllithiums  by  an  exchange 
reaction  between  aryl  bromides  and  butyllithlum. 

In  this  same  article,  Talalaeva,  Nad'  and  Kocheshkov  wrote  that  it  was  not  clear  to  them  why  Mikhailov 
and  Araiwvich  [8],  in  describing  the  preparation  of  phenyllithium  from  triphenylantimony  and  n-butyllithium, 
found  it  more  convenient  to  refer  to  the  article  of  Woodsand  Gilman  [9]  and  not  to  their  work  [10].  The  authors 
are  clearly  in  error  here.  In  actuality,  Mikhailov  and  Aranovich  made  reference  both  to  the  work  of  Woods  and 
Gilman,  in  which  the  reaction  between  triarylantimony  and  n-butyl  lithium  was  described,  and  the  article  of 
Talalaeva  and  Kocheshkov,  which  was  devoted  to  the  development  of  a  method  of  preparation  of  individual  lith¬ 
ium-aromatic  compounds  from  triarylantimony  and  ethyllithium  on  the  basis  of  the  Woods  and  Gilman  reaction 
mentioned  above.  Moreover,  it  was  pointed  out  that  Talalaeva  and  Kocheshkov,  while  using  in  their  work  the 
reaction  of  Woods  and  Gilman  did  not  so  refer  to  it.  Talalaeva  and  Kocheshkov  have  also  described  as  original 
with  them  a  method  for  the  preparation  of  triarylantimony  compounds  from  antimony  trichloride  and  aryllithiums 
[11],  while  in  actuality  their  work  was  a  development  of  an  idea  by  Woods,  a  student  of  Gilman's,  who  first  pro¬ 
posed  to  prepare  triarylantimony  compounds  by  such  a  method  [12]. 

EXPERIMENTAL 

Analysis  of  the  complex  compounds.  Analysis  of  the  complex  compounds  was  carried  out  by  the  previously 
described  method  [2].  In  the  determination  of  dioxane,  a  correction  was  introduced  for  the  solubility  of  the  diox- 
ane— mercuric  chloride  complex  in  water  saturated  with  ether  at  room  temperature,  which  is  equal  to  1.03  g  in 
100  ml  of  solution  at  0*. 

Preparation  of  n-butyllithium.  To  a  two-armed  ampoule  filled  with  nitrogen  were  charged  2.3  g  of  finely 
shaved  lithium,  16  ml  of  n-butyl  chloride.  80  ml  of  benzene,  and  glass  beads;  the  ampoule  was  sealed  and  was 
shaken  on  a  rocker  for  15-20  hours.  The  solution  was  filtered  into  a  cylindrical  vessel,  which  was  connected  by 
means  of  a  ground-glass  joint  to  a  15-ml  buret.  The  solution  contained  1.3-1. 4  moles  of  n-butyllithium  per  li¬ 
ter.  The  n-hexane  solution  of  n-butyllithium  was  prepared  similarly. 

Preparation  of  dioxane  and  dioxane  “benzene  complexes  of  lithium-aromatic  compounds  in  a  benzene 
medium.  All  operations  with  lithium -aromatic  compounds  were  carried  out  in  an  atmosphere  of  nitrogen.  The 
following  were  used  in  the  experiments;  1)  16  mmole  of  bromobenzene  and  64  mmole  of  dioxane,  2)  10  mmole, 
of  p-bromochlorotoluene  and  40  mmole  of  dioxane  3)10mmole  of  o-bromotoluene,  3.5  mmole  of  dioxane,  and 
5  ml  of  benzene,  4)  10  mmole  of  3 -bro  mo  pyrene,  70  mmole  of  dioxane,  and  6  ml  of  benzene,  5)  7  mmole  of 
9-bromophcnanthrene  and  28  mmole  of  dioxane  6)  8 mmoles  of  9-bromoanthracene  and  93mmole  of  dioxane. The 
majority  of  the  complexes  were  prepared  by  adding  a  dioxane  or  benzene— dioxane  solution  of  the  aryl  bromide 
to  a  benzene  solution  of  n-butyllithium.  The  preparations  were  carried  out  in  a  single-necked  vessel  having  a 
volume  of  75  ml  and  fitted  with  a  side  arm  with  a  glass  stopcock  through  which  nitrogen  was  introduced.  The 
neck  of  the  vessel  was  connected  through  a  ground-glass  joint  to  a  glass  stopcock;  the  vessel  was  filled  with  ni¬ 
trogen,  the  stopcock  was  removed,  and  the  end  of  a  buret  was  inserted  into  the  flask  through  a  stopper.  A  ben¬ 
zene  solution  of  n-butyllithium  was  introduced  into  the  vessel  from  the  buret,  the  solution  was  cooled  with  ice 
water,  and  a  solution  of  an  equimolar  anx)unt  of  aryl  bromide  was  slowly  added  dropwise  and  with  stirring.  The 
complexes  of  o-tolyllithium  and  9-pltenanthryllithium  were  prepared  by  tlie  addition  of  a  benzene  solution  of  an 
equimolar  amount  of  n-butyllithium  to  a  solution  of  aryl  bromide  while  cooling  the  reaction  mixture  with  ice 
water. 

At  the  conclusion  of  the  mixing  of  the  reagents,  the  vessel  was  closed,  allowed  to  stand  for  10  minutes  in 
ice  water,  and  the  precipitated  complex  was  filtered  in  a  special  filtering  funnel  [7].  For  the  filtration,  the  cyl¬ 
indrical  head  was  inserted  by  means  of  a  ground-glass  joint  into  the  neck  of  the  reaction  vessel,  and  was  connect¬ 
ed  through  rubber  tubing  to  the  head  of  the  filtering  funnel.  The  filtered  complex  was  twice  washed  with  ben¬ 
zene,  and  was  freed  from  solvent  under  vacuum  (3  mm)  at  room  temperature  to  constant  loss  in  weight.  For  this 
purpose,  the  dioxane —benzene  complexes  of  lithium -aromatic  compounds  of  the  benzene  scries  had  to  be  main¬ 
tained  under  vacuum  for  a  period  of  2-3  liours,  and  the  constant  loss  in  weight  of  these  compounds  was  7-8  mg 
in  10  minutes  (in  our  first  work  [1],  these  complexes  were  maintained  under  vacuum  for  about  1  hour).  The  com¬ 
plex  of  3-pyrenyllithium  was  maintained  under  vacuum  for  1  hour,  after  which  the  loss  in  weight  comprised  1-2 
mg  in  10  minutes.  The  dioxane  complexes  of  9-phenanthryllithium  and  9-anthryllIthium  were  more  stable,  and 


they  attained  almost  constant  weight  over  a  period  of  30-60  minutes.  The  dioxane  -benzene  complex  of  o- 
tolyllithium  was  washed  with  pentane;  in  this  case,  a  constant  loss  in  weight  of  3-4  mg  in  5  minutes  was  attain¬ 
ed  over  a  period  of  30  minutes. 

The  complex  compounds  prepared  by  this  method  contained  0.2-0.5*70  lithium  bromide  as  an  impurity. 

In  the  majority  of  cases,  the  yields  of  complexes  comprised  75-82*70  01  theoretical;  the  yields  of  complexes 
of  o-tolyllithium  and  3-pyrenyllithium  were  51.6  and  56,7*70,  respectively. 

Preparation  of  the  dioxane— benzene  complex  of  p-chlorophcnyllithium  for  the  purpose  of  identifying  ben- 
zene  HTlt.  The  reaction  vessel  was  a  three -necked  flask  into  which  were  inserted,  through  rubber  stoppers,  a 
buret  containing  a  benzene  solution  of  n-butylllthium  and  a  thermometer  extending  to  the  bottom  of  the  flask; 
the  third  neck  was  connected  to  a  length  of  rubber  tubing.  To  the  flask,  which  was  filled  with  nitrogen,  was 
charged  a  solution  of  23  g  (0.12  mole)  of  p-btomochlorobenzene  in  a  mixture  of  17.6  ml  (0.2  mole)  of  dioxane 
and  70  ml  of  benzene;  the  solution  was  cooled  to  +  3*  with  ice  water,  and  68  ml  of  a  benzene  solution  of  n- 
butyllithium  (0.1  mole)  was  added  dropwlse  over  a  period  of  40  minutes.  The  temperature  in  the  reaction  mix¬ 
ture  was  maintained  within  the  limits  3-7*.  At  the  conclusion  of  the  addition  of  the  n-butyllithium,  the  center 
neck  of  the  flask  was  closed  with  a  stopper;  the  second  neck  served  for  the  introduction  of  nitrogen,  and  a  cyl¬ 
indrical  head,  which  was  connected  by  means  of  rubber  tubing  to  the  head  of  the  special  filtering  funnel  [7] 

(150  ml  volume),  was  inserted  through  a  ground -glass  joint  into  the  third  neck.  The  precipitatewas  filtered, 
washed  3  times  with  isopentane  (150  ml),  and  then  was  subjected  to  a  vacuum  (3  mm)  for  2,5  hours  to  free  it 
from  solvent  (the  weight  loss  was  9  mg  in  10  minutes).  20.3774  g  of  the  complex  was  obtained  (yield  85^70). 

70  ml  of  ether  was  added  to  the  funnel;  the  funnel  was  then  submerged  in  ice  water,  and  the  complex  was 
decomposed  with  methanol,  which  was  introduced  through  the  periodically  opened  upper  stopcock  of  the  funnel. 

At  the  conclusion  of  the  alcoholysis,  water  was  added,  and  the  mixture  was  shaken  and  transferred  to  a  separatory 
funnel;  the  filtering  funnel  was  washed  with  water.  The  ether  solution  was  extracted  3  times  with  water.  The 
total  volume  of  the  aqueous  solution  was  250  ml.  The  ether  solution  was  then  agitated  with  an  aqueous  solution 
(20  ml)  of  1  g  of  mercuric  chloride,  and  tlie  aqueous  layer  was  separated  and  cooled  with  ice.  The  resulting 
dioxane -mercuric  chloride  complex  was  included  in  the  over-all  dioxane  balance. 

The  lithium  and  dioxane  contents  of  the  main  aqueous  solution  were  determined  in  an  aliquot  of  the  solu¬ 
tion. 

Found  *7o:  Li  2.61;  dioxane  32.61.  2ClC5ll4Li- 2C4H8O2  •  Cgllg.  Calculated  *7o;  Li  2.74;  dioxane  35.88. 

The  ether  solution  was  fractionally  distilled  in  a  column.  2.2  g  of  benzene,  b.  p.  80*,np^  1.501,  was 
obtained,  which  corresponded  to  67.67oof  the  theoretical  benzene  content  of  the  complex.  Nitration  of  1.6  g 
of  the  fraction  boiling  at  80*  gave  2.1  g  of  m-dinitrobenzene  with  an  m.  p.  of  88-89*. 

Preparation  of  dioxane  complexes  of  lithium— aromatic  compounds  in  n -hexane medium.  In  the  experiments 
on  the  preparation  of  complexes  of  phenyllithium,  o-tolyllithiutn  and  a -naphthyllithium,  lOmmole  of  the  corre¬ 
sponding  bromides  was  used  per  40  mmole  of  dioxane;  in  the  preparation  of  complexes  of  p-tolyllithium  and  p- 
ch  loro  phenyl  lithium,  7  mmole  of  the  aryl  bromide  was  used  per  28mmole  of  dioxane.  The  aryl  bromide  was  dis¬ 
solved  in  a  mixture  of  dioxane  and  10  ml  of  n-hexanc,  the  solution  was  cooled  with  ice  water,  and  an  n-hexane 
solution  of  an  equimolar  amount  of  n-butyllithium  was  added  dropwise  and  with  stirring.  The  precipitated  com¬ 
plex  was  filtered,  washed  with  hexane,  freed  from  solvent  by  subjecting  to  a  vacuum  for  30  minutes  (the  weight 
loss  was  1-2  mg  in  5  minutes),  and  analyzed  (see  Table  3).  The  complex  compounds  contained  traces  of  lithium 
bromide. 

The  yields  of  complex  compounds  were  (in  °Joo{  theoretical):  phenyllithium,  62.8;  o-tolyllithium,  41.7; 
a -naphthyllithium,  77.8;  p-tolyllitliium,  48.3;  p-chlorophenyllitliium,  61. 

When  the  dioxane  and  dioxane -benzene  complexes  are  to  be  prepared  in  quantity,  2  equivalents  of  diox¬ 
ane  can  be  used;  it  is  expedient  to  carry  out  the  washing  of  die  complexes  with  isopentane. 

Preparation  of  p-tolyllithium -dioxane  complex  in  ether  medium.  2CH3CeH4Li-  3C4H8O2.  The  p-tolyllith¬ 
ium  was  prepared  by  the  Gilman  and  Woods  reaction  from  tri-p-tolylantimony  and  n-butyllithium  [10].  The  use 
of  ethyllithium  for  this  purpose,  as  proposed  by  Talalaeva  and  Kocheshkov  [11],  is  less  satisfactory  owing  to  the 
laborious  method  required  for  its  preparation  [13].  24  ml  of  a  benzene  solution  of  n-butyllithium  (30  mmole) 
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was  added  to  4  g  (10  mmole)  of  tri-p-tolylantimony  dissolved  in  15  ml  of  benzene.  The  solution  was  heated  on 
a  water  bath  at  40-45*  for  40  hours.  The  resulting  crystalline  precipitate  was  filtered  in  the  special  filtering 
funnel,  washed  with  pentane,  and  freed  from  solvent  under  vacuum.  2.13  g  (72.4*70)  of  p-tolylllthium  was  ob¬ 
tained.  The  p-tolyllithium  was  dissolved  in  15  ml  of  ether,  the  solution  was  filtered  from  the  slight  suspension, 
and  3.7  ml  (43mmole  •  of  dioxane  was  added  to  it;  the  solution  was  cooled  with  ice  during  the  addition.  The 
precipitated  complex  was  filtered,  washed  3  times  with  pentane,  and  held  under  vacuum  (3  mm)  for  40  min¬ 
utes  to  a  constant  loss  in  weight  of  3-4  mg  in  5  minutes.  4.2257  g  (84.7%)  of  the  complex  was  obtained. 

2.1730 g  substance:  0.0926  g  Li;  1.2400 g  dioxane.  Found  %;  Li  3.00,  dioxane  57.06.2C7H7Li-3C4H,O2. 
Calculated  %:  Li  3.01;dioxane  57.41. 

SUMMARY 

1.  Dioxane  — benzene  complexes  of  lithiun^roniatic  compounds,  with  the  composition  2ArLi-2C4HjOj  • 
•CjH^are  formed  by  theaction  of  a  benzene  solution  of  n-butyllithium  on  aryl  bromides  in  the  presence  of  diox¬ 
ane.  Phenyllithium,  p-tolyllithium,  o-tolyllithium,  p-chlorophenyllithium,  and  3-pyrenyllithium  form  com¬ 
plexes  of  this  comp>osition. 

2.  Under  the  conditions  indicated  above,  9-phenanthryllithium  and  9-anthrylllthium  form  dioxane  com¬ 
plexes  of  the  composition  ArLi-C4HgOj  and  ArLi-2C4Hg02,  respectively. 

3.  Dioxane  complexes  of  the  composition  2ArLi-3C4Hg02  or  ArLi-2C4Hg02  are  formed  by  the  action  of  an 
n-hexane  solutionof  n-butyllithium  on  aryl  bromides  in  the  presence  of  dioxane. 

4.  The  nature  of  the  solvent  has  an  effect  on  the  composition  of  dioxane  complexes  of  lithium -aromatic 
compounds.  Aryllithiums  form  complexes  with  a  lower  dioxane  content  in  an  ether  medium  than  In  a  hexane 
medium. 
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QUATERNARY  SALTS  OF  N-MONOXIDES  OF  PHENAZINE  AND 
QUINOXALINE  DERIVATIVES 

Yu.S.  Rozum  and  N.  N.  Lisovskaya 

Institute  of  Organic  Chemistry,  Academy  of  Sciences  Ukrainian  SSR 

Like  tertiary  amines,  quinoline  pyridine,  phenazlne,  quinoxallne,  and  their  derivatives  react  with  per 
acids  to  form  the  corresponding  N-monoxides  and  N,N-dloxides.  In  reactions  with  alkyl  halides  or  dlalkyl  sul¬ 
fates.  they  form  quaternary  salts.  The  quaternary  salts  of  derivatives  of  pyrazine  have  as  yet  been  neither  inves¬ 
tigated  nor  prepared.  The  present  article  describes  reactions  by  which  quaternary  salts  of  N-oxides  of  phenazine, 
quinoxallne,  and  some  of  their  derivatives  are  formed, and  the  properties  of  these  new  compounds. 

On  heating  the  N-oxides  of  phenazine  or  its  a-  or  6 -derivatives  in  solution  in  dry  nitrobenzene  with  a 
small  excess  of  neutral  dimethyl  sulfate,  good  yields  of  the  corresponding  quaternary  salts  are  obtained 

? 

R 

CH,  CH,50; 

or  R  =  ci,  ciij,  ociij. 

Quinoxallne  derivatives  react  in  a  similar  manner.  The  reaction  by  which  the  quaternary  salts  of  the  N- 
oxides  are  formed  proceeds  smoothly  at  115-130*,  and  is,  for  the  most  part,  complete  within  8-10  minutes.  The 
end  of  the  reaction  is  established  from  the  solubility  of  the  reaction  product  in  cold  water  and  from  the  changed 
form  and  color  of  the  resulting  crystals:  phenazine  N-oxide  and  its  derivatives  are  yellow  needles  which  are  In 
soluble  in  water;  crystals  of  the  quaternary  salts  of  these  same  N-oxides  are  red  or  brighforange  prisms  or  plates 
which  are  readily  soluble  in  water.  When  the  reaction  mixture  is  cooled,  the  major  part  of  it  immediately  pre¬ 
cipitates  in  the  form  of  crystals;  the  precipitate  is  washed  on  the  filter  with  benzene  and  absolute  ether,  and  is 
then  purified  by  crystallization  from  alcohol  or  water.  The  quaternary  salts  (methyl  sulfates)  of  the  N-oxides  of 
phenazine  and  quinoxallne  are  readily  soluble  in  water,  difficultly  soluble  in  alcohol,  nitrobenzene,  and  pyridine, 
and  sparingly  soluble  In  chloroform;  they  are  insoluble  In  benzene,  ether,  and  ligroin.  They  are  characterized 
by  stable  melting  points  and  decomposition  temperatures.  Crystals  of  the  quaternary  salts  of  the  N-oxIdes,  like 
phenazine  N,  N-dloxides,  are  bright  orange  or  red,  possibly  owing  to  a  certain  similarity  in  the  structures  of  their 
molecules. 
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The  quaternary  salts  of  phenazine  N-oxides  are  readily  oxidized  by  potassium  ferricyanide  in  alkaline  so¬ 
lution,  thereby  forming  phenazinones,  which  have  a  red  or  violet  color  and  are  readily  soluble  in  chloroform, 
alcohol,  and  dichloroethane.  The  simplest  of  them  can  be  represented  by  the  following  stmcture. 
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In  acids,  the  phenazinone  N-oxides  form  the  corresponding  hydroxyphenazinium  quaternary  salts,  the  spec¬ 
tra  of  which  lie  much  further  in  the  short-wave  region  than  do  the  spectra  of  the  corresponding  phenazinones;  for 
example,  an  alcohol  solution  of  the  phenazinone  obtained  by  oxidation  of  the  10-oxide  of  2-chloro -9-methyl - 
phcnazinium  methyl  sulfate  has  an  absorption  maximum  at  518  mp .  while  in  acidified  alcohol,  the  maximum 
occurs  at  432  mp . 

The  absorption  spectrum  of  quaternary  salts  of  phenazine  N-oxide  Is  characterized  by  three  absorption 
bands  with  maxima  at  259,  310,  and  385  mp.  The  band  at  310  mp  is  not  present  in  the  spectrum  of  phenazine 
quaternary  salts.  Oxidation  of  the  quaternary  salt  of  phenazine  with  20%  hydrogen  peroxide  in  glacial  acetic 
acid  gives  a  product,  the  spectrum  of  which  conforms  to  the  spectmm  of  the  quaternary  salt  of  phenazine  N- 
oxide;  the  oxidation  results  in  the  appearance  in  the  spectrum  of  a  band  at  310  mp . 

The  possibility  of  forming  N-methoxyphenazlnium  methyl  sulfate  during  the  action  of  dimethyl  sulfate 
on  phenazine  oxide  in  nitrobenzene  could  not  be  ignored,  but  the  compound  was  not  detected  in  the  separated 
reaction  products,  though  the  formation  of  such  products  were  observed  by  Henze  during  the  action  of  methyl 
iodide  on  quinoline  oxide  [1]  and  by  Katrltzky  during  the  methylation  of  pyridine  N-oxide  [2].  Apparently,  in 
nitrobenzene,  the  N -monoxides  of  the  dinitrogen  heterocyclic  compounds  of  the  pyrazine  series  add  the  alkyl 
group  to  the  free  nitrogen  atom, rather  than  to  the  oxygen.  Proof  of  this  Is  the  reaction  by  which  quaternary  salts 
of  N-oxides  of  phenazine  and  its  derivatives  are  converted  by  reduction  by  zinc  dust  in  cold  water  to  the  ordi¬ 
nary  phenazinium  quaternary  salts. 
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The  following  phenazine  and  quinoxaline  N -oxides  were  converted  to  quaternary  salts  (methyl  sulfate  and 
perchlorate)  by  the  method  described  above:  the  9-oxides  of  phenazine  and  2-methyl-,  2-methoxy,  and  2-chloro- 
phenazines;  the  10-oxides  of  1-methyl-,  2-methoxy-.  2-chloro-,  and  2-chloro-6-methoxyphenazine;  the  1-oxlde 
of  2,3-diphenylquinoxaline:  the  l-(or  4-)oxlde  of  2,3 -diphenyl -7 -methylquinoxallne;  the  1-oxide  of  2,3-acenaph- 
thylenoquinoxaline;  and  the  l-(or  4-)oxide  of  2,3 -acenaphthyleno -7 -methylquinoxallne.  Data  on  these  quaternary 
salts  of  phenazine  and  quinoxaline  N-oxides  are  presented  in  Tables  1  and  2. 

EXPERIMENTAL 

lO-Oxide  of  9-methylphenazinIum  perchlorate  (I).  1  g  of  the  N-oxide  of  phenazine  In  2.5  ml  of  dry  nitro¬ 
benzene  was  heated  at  120-125"  until  completely  dissolved,  1.5  ml  of  neutral  dimethyl  sulfate  was  added, 
and  heating  was  continued  for  10  minutes  at  125-128";  the  solution  was  then  cooled,  the  precipitate  filtered 
and  washed  with  benzene  and  ether,  dissolved  in  10  ml  of  water,  and  heated  with  activated  carbon;  the 
filtrate  was  treated  with  sodium  perchlorate  to  precipitate  the  product.  The  yield  was  1. 3  g  of  orange  prisms. 
Part  of  the  product,  after  isolation,  was  oxidized  to  phenazinone  with  potassium  ferricyanide  In  alkaline  solution. 
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according  to  the  method  of  Mcllwain  [3],  and  the  product  was  extracted  with  chloroform.  The  phenazinone  was 
red,  and  had  an  absorption  maximum  at  522  mp. 

The  lO-Oxide  of  1,9-dimethylphenazinium  perchlorate  (II)  was  prepared  similarly  to  the  preceding  com¬ 
pound, "TuFtEcTielinng’^I7ararT05^Tr0*7oF3~mInutes7~ThFprodirct  was  in  the  form  of  light-orange  crystals. 

The  phenazinone  had  an  absorption  maximum  at  520  mp . 


TABLE  1 


Quaternary  Salts  of  Phenazine  N -Monoxides 
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9-Oxide  of  2,10-dimethylphenazinium  perchlorate  (III).  1  g  of  2-methylphenazine  9-oxide  In  2  ml  of 
nitrobenzene  was  heated  to  90*  on  a  water  bath,  and  1.2  ml  of  dimethyl  sulfate  was  then  added.  The  tempera¬ 
ture  rose  to  118*  owing  to  exothermic  heat  of  reaction.  The  reaction  mixture  was  held  at  this  temperature  for 
3  minutes.  The  product  was  crystallized  from  water. 

9-Oxide  of  2-methoxy-lO-methylphenazinium  perchlorate  (IV).  2  g  of  2-methoxyphenazine  9-oxide  in 
2  ml  of  nitrobenzene  was  mixed  at  110*  with  1.5  ml  of  dimethyl  sulfate,  and  heating  was  continued  for  10  min¬ 
utes  at  115*.  The  reaction  mixture  was  washed  with  toluene  and  ether,  dissolved  in  5  ml  of  water,  treated  with 
activated  carbon,  and  filtered;  the  product  was  precipitated  with  sodium  perchlorate.  The  quaternary  salt  was 
crystallized  from  water  as  orange  needles.  It  was  quite  readily  oxidized  to  the  phenazinone,  which  had  an  ab¬ 
sorption  maximum  at  520  mp  . 

The  10-oxide  of  2-methoxy-9-methylphenazinium  perchlorate  (V)  was  prepared  in  a  manner  similar  to 
the  preceding  fran  2-methoxyphcnazine  10-oxide  and  dimethyl  sulfate;  the  reaction  mixture  was  heated  at 
110-113*  for  5  minutes.  The  product  was  in  die  form  of  red  needles  (from  water). 

The  9-oxide  of  2-chloro-lO-methylphenazinium  perchlorate  (VI)  was  prepared  in  a  manner  similar  tz  the 
above  from  2 -chloro phenazine  9-oxide.  The  product  was  in  the  form  of  orange  plates.  The  phenazinone  was 
violet. 

The  10-oxide  of  2-chloro-9-mcthylphenazinium  perchlorate  (VII)  was  prepared  in  a  manner  similar  to  the 
above  from  2-chlorophenazine  10-oxide.  The  resulting  plates  were  orange  colored.  The  phenazinone  was  red 
with  an  absorption  maximum  at  518  mp . 
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lO-Oxide  of  2-chloro-6-methoxy-9-methylphenazinium  perchlorate  (VIII).  2  g  of  2-chIoro-6-methoxy- 
phenazine  10-oxide  in  8  ml  of  nitrobenzene  was  heated  for  2  minutes  at  125“,  4  ml  of  dimethyl  sulfate  was  add¬ 
ed,  and  heating  was  continued  for  15  minutes  at  125-130*.  Further  treatment  was  as  usual.  Orange,  almost  red 
hexagonal  plates  (from  water)  resulted.  The  phenazinone  was  red. 

1-Oxide  of  2.3-diphenyl-4-methylquinoxalinium  perchlorate  (IX).  3  ml  of  dimethyl  sufate  was  added  to 
2.9  g  of  2,3-diphenylquinoxaline  1-oxide  in  4  ml  of  nitrobenzene  at  125-130*.  and  this  temperature  was  main¬ 
tained  for  15  minutes.  The  quaternary  salt  was  washed  with  benzene  and  ether,  dissolved  in  10  ml  of  water,  and 
treated  with  sodium  perchlorate  to  precipitate  the  product.  Light-orange  needles  resulted  (from  alcohol). 
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Quaternary  Salts  of  Quinoxaline  N -Monoxides 
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•  Methyl  sulfate. 

The  1-oxide  of  2,3-difrfienyl-4,7-(or  4,6-)-dimethylquinoxalinium  perchlorate  (X)  was  prepared  from  1 
g  of  2.3-diphenyl-7-methylquinoxaline  l-(or  4-)-oxide  in  a  manner  similar  to  that  described  above.  It  was  in 
the  form  of  orange,  almost  yellow,  prisms. 

1-Oxide  of  2,3-acenaphihyleno-4-methylquinoxalinium  perchlorate  (XI).  1.35  g  of  2,3-acenaphthyleno- 
quinoxaline  1-oxide  was  heated  in  5  ml  of  nitrobenzene  for  15  minutes  at  125*;  2  ml  of  dimethyl  sulfate  was 
then  added,  and  heating  was  continued  for  5  minutes  at  125-130*.  The  reaction  mass  completely  crystallized 
at  120*,  and  it  was  washed  with  benzene  and  ether.  The  product  was  recrystallized  from  alcohol  in  the  form  of 
yellow  needles. 

The  1-oxide  of  2,3-acenaphthyleno-4,7-(or  4,6-)-dimethylquinoxalinium  perchlorate  (XII)  was  prepared 
in  a  manner  similar  to  that  described  above  from  0.5  g  of  the  l-(or  4-)-oxide  of  2,3-acenaphthyleno-7-methyl- 
quinoxaline.  Formation  of  the  salt  proceeded  easily  and  rapidly.  Treatment  of  the  product  was  as  usual.  The 
product  was  in  the  form  of  yellow  needles.  When  heated,  the  salt  decomposed  explosively. 

Phenazine  and  Quinoxaline  Monoxides 

Phenazine  9-oxide,  40  ml  of  hydrogen  peroxide  was  added  dropwise,  with  stirring  and  over  a  period 
of  4  hours,  to  18  g  of  phenazine  in  200  ml  of  glacial  acetic  acid  at  60-75*.  The  cooled  solution  was  diluted 
with  1  liter  of  water.  The  resulting  light-orange  precipitate  was  filtered,  washed  with  water,  and  dried.  The 
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yield  was  17.5  g.  It  was  chromatographed  in  chloroform  solution  on  aluminum  oxide;  the  column  was  eluted 
with  benzene.  From  the  lower,  yellow  zone  was  obtained  5  g  (25^o)  of  phenazine  9-oxide  with  an  m.  p.  of  219- 
220*  (224-225*  [4]).  From  the  upper,  orange  zone  was  obtained  12  g  (297o)  of  phenazine  9,10-dioxide  with  an 
m.  p.  of  189-191*  [4].* 

1- Mcthylphenazine  10-oxide  was  prepared  by  the  Wohl  method  from  o-toluidine  and  nitrobenzene  [5]. 

The  product  was  in  the  form  of  yellow  needles  with  an  rn,  p.  of  195*.  It  was  purified  by  chromatographing  on 
aluminum  oxide  from  benzene  solution. 

2- Meiliylphenazine  9-oxide.  20  ml  of  20%  hydrogen  peroxide  was  added  dropwise,  over  a  period  of  4 
hours,  to  7.8  g  of  2-methylphenazine  in  100  ml  of  glacial  acetic  acid  at  50-60*.  Further  treatment  of  the  prod¬ 
uct  was  as  indicated  above  for  phenazine  9-oxide.  2  g  (23%)  of  unoxidized  2-methylphenazine  was  obtained  from 
the  lower  zone  of  the  chromatogram.  From  the  central  zone  was  obtained  2.02  g  (24%)  of  2-methylphenazine 
9-oxide  with  an  m.  p.  of  138*.  This  monoxide  was  identified  by  comparison  with  2-methylphenazine  9-oxIde 
prepared  by  the  Wohl  method  [5]  —alkaline  condensation  of  p-toluidine  and  nitrobenzene  in  benzene.  0.5  g 
(5.5%)  of  2-methylphenazine  9,10-dioxIde  with  an  m.  p.  of  170*  was  obtained  from  the  upper  layer  of  the  chro¬ 
matogram. 

2-Methoxyphenazine  9-oxide  was  prepared,  in  12%  yield,  by  alkaline  condensation  of  p-anlsidlne  and  ni¬ 
trobenzene  ill  benzene  solution.  The  m.  p.  was  179*.  The  product  was  purified  by  chromatographing  in  benzene 
solution  on  aluminum  oxide  and  recrystallization  from  benzene  (m.  p.  179*  [6]). 

2-Metlioxyphcnazine  10-oxide.  This  preparation  was  presented  to  us  by  S.  B.  Serebryanyi.  The  m.  p.  was 
175*  (from  benzene). 

2-Chlorophenazine  10-oxide  was  prepared  by  alkaline  condensation  of  p-chloronitrobenzene  and  aniline 
in  benzene  solution;  the  yield  was  12%.  The  compound  was  purified  by  chromatographing  a  benzene  solution  on 
aluminum  oxide.  The  m.  p.  was  176-178* (from  benzene). 

2-Chlorophcnazine  9-oxide  was  prepared  In  a  manner  similar  to  that  described  above  from  p-chloroanillne 
and  nitrobenzene;  tlie  yield  was  16.4%.  The  product  was  purified  by  chromatographing  on  aluminum  oxide.  The 
m.  p.  was  178-179*.  The  product  was  in  the  form  of  yellow  needles. 

2.3- Diphenylquinoxaline  1-oxide.  40  ml  of  20% hydrogen  peroxide  was  added  dropwise,  over  a  period  of 
4  hours  with  stirring,  to  14  g  of  2,3-diphenylquinoxaline  in  200  ml  of  glacial  acetic  acid  at  60-80*.  The  color¬ 
less  solution  became  yellow.  The  reaction  mixture  was  poured  into  1  liter  of  water.  This  caused  separation  of 
a  viscous  yellow  material,  which  solidified  on  standing.  It  was  ground  in  a  mortar  with  cold  water  until  it  was 
completely  pulverized;  it  was  then  filtered,  washed  on  the  filter  with  water,  and  dried.  The  yield  was  quanti  - 
tative.  The  compound  was  purified  by  chromatographing  a  chloroform  solution  on  aluminum  oxide  and  eluting 
the  column  with  benzene.  The  yield  of  purified  product  was  12  g  (80%).  The  m.  p.  was  207*  (from  alcohol). 

Found  %:  N  9.28.  8.90.  CjoHiPNj.  Calculated  %;  N  9.39. 

2.3- Diphcnyl-7-methylquinoxaline  l-(or  4)-oxide.  This  compound  was  prepared  in  a  manner  similar  to 
that  described  above  from  6  g  of  2,3-diphenyl-7-methylquinoxaline;  the  oxidation  was  carried  out  at  60-70* 
with  20  ml  of  hydrogen  peroxide.  The  yield  was  5.6  g  (89%).  Chromatographing  on  aluminum  oxide  gave  pale- 
yellow  needles  with  an  m.  p.  of  178-180“  (from  alcohol). 

Found  %:  N  8.78,  8.93.  CjiHisONj.  Calculated  %:  N  9.00. 

2.3- Acenaphthylenoquinoxaline  1-oxlde  was  prepared  in  a  manner  similar  to  that  described  above  from 
2.54  g  of  2,3-acenaphthylenoquinoxaline;  the  oxidation  was  carried  out  with  hydrogen  peroxide  (20  ml)  at  50- 
75*.  The  suspended  material  went  into  solution  when  the  hydrogen  peroxide  was  added.  Heating  was  continued 
for  3.5  hours.  Toward  the  end  of  the  reaction,  an  abundant,  bright-yellow  precipitate  of  the  N -oxide  began  to 
form.  The  yield  was  2.7  g  (100%).  The  product  was  very  pure,  and  did  not  require  further  purification.  The 
long,  bright-yellow  needles  melted  at  224*.  The  compound  crystallized  from  50%  acetic  acid  as  small  yellow 
needles  with  water  of  crystallization,  which  was  lost  on  drying  (100-130*);  this  resulted  in  a  change  in  the  color 
of  the  preparation  from  yellow  to  orange.  Recrystallization  from  glacial  acetic  acid  gave  orange  crystals. 

Found  %:  N  10.30,  10.11.  CigHioONj.  Calculated  %;  N  10.37. 

•The  m.p.  from  [4]  has  apparently  been  omitted  “  Publisher's  note. 
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2,3-AcenaphthyIenoqulnoxaUne  l-(or  4)-oxide  was  prepared  in  a  manner  similar  to  that  described  above 
from  2.3-acenaphthylenoqulnoxaline;  the  yield  was  100%.  Purification  on  aluminum  oxide  (chromatographical- 
ly)  gave  samll,  yellow  needles  with  an  m.  p.  of  262*. 

Found  %:  N  9.62,  9.82.  CJ9H12ON2.  Calculated  %:  N  9.85. 

Reduction  of  the  quaternary  salt  of  phenazine  N -oxide.  1.6  g  of  the  N -oxide  of  phenazinium  methyl  sul¬ 
fate  was  dissolved  in  10  ml  of  water,  and  the  solution  was  filtered;  1  g  of  zinc  dust  was  added,  and  the  mixture 
was  stirred  In  a  test  tube  with  a  thermometer.  The  temperature  increased  to  50*  over  a  period  of  3-5  minutes. 
The  orange  solution  gradually  became  yellow.  When  the  orange  color  had  disappeared,  the  solution  was  filtered 
from  the  zinc  dust,  and  the  product  was  precipitated  with  sodium  perchlorate.  The  yield  of  phenazine  quaternary 
salt  was  0.8  g  (57%).  The  m.  p.  was  200-201*.  A  mixture  of  this  material  with  a  known  sample  melted  at  200*. 

Found  %:  N  9.50,  9.62.  Ci5Hi,NjC104.  Calculated  %:  N  9.51. 

Reduction  of  the  quaternary  salt  of  2-chloro-6-methoxyphenazine  10-oxide.  0.65  g  of  the  10-oxide  of  2- 
chloro-6-methoxy-9-methylphenazinium  methyl  sulfate  in  12  ml  of  water  was  reduced,  in  a  manner  similar  to 
that  described  above,  with  1  g  of  zinc  dust  at  25-31*  for  7  minutes.  The  yield  was  0.32  g  (51%).  The  resulting 
brown  needles  melted  at  198*. 

Found  %:  N  7.81,  7.96;  Cl  19.65.  19.82.  C14H1P5N2CI2.  Calculated  %:  N  7.79;  Cl  19.54. 

Reduction  of  the  quaternary  salt  of  2-chloro-9-methylphenazine  10-oxide.  1.15  g  of  2-chlorophenazine 
10-oxide  was  converted  to  2-chloro-9-meLhylphenazinlum  methyl  sulfate  by  the  method  described  above;yield 
was  quantitative(1.7gX  The  salt  was  dissolved  in  15  mi  of  water,  treated  with  activated  carbon,  filtered,  and  mix¬ 
ed  with  1.6  g  of  zinc  dust.  The  yield  of  2-chloro-9-methylphenazinium  perchlorate  was  31%.  The  m.  p.  was 
188*  (decomp.). 

Found  %:  N  8.63,  8.64;  Cl 21.55.  C1JH10O4N2CI2.  Calculated  %;  N  8.51;  Cl  21.58, 

9-MethylphenazinIum  perchlorate  2  g  of  phenazine  in  6  ml  of  nitrobenzene  was  heated  at  120-125*  for 
5  minutes;  2  ml  of  dimethyl  sulfate  was  then  added,  and  heating  was  continued  for  another  5  minutes  at  125- 
130*.  The  reaction  mixture  was  cooled,  filtered,  and  washed  with  benzene  and  ether.  The  yield  was  2.1  g 
(61%).  The  compound  was  converted  to  the  perchlorate,  which  was  purified  by  3 -fold  crystallization  from  al¬ 
cohol.  The  olive-yellow  plates  melted  at  202*  (decomp.). 

Found  %;  N  9.50.  9.52.  C13H1JO4N2  Cl.  Calculated  %;  N  9.50. 

The  spectral  measurements  were  carried  out  with  SF-4  and  SF2M  instruments.  The  melting  points  report¬ 
ed  for  the  compounds  are  uncorrected. 


SUMMARY 

It  was  shown  that  it  is  possible  to  convert  phenazine  and  quinoxaline  N -oxides  to  the  corresponding  quater¬ 
nary  salts  of  N -oxides  of  the  indicated  bases.  12  quaternary  salts  were  prepared. 
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THE  INTERACTION  OF  GLYCERIN,  a,  y -DICHLOROHY  DRIN  WITH 
PClj,  POClj,  and  PSCl, 

E,  V.  Kuznetsov  and  R.  K.  Valetdinov 
S.  M,  Kirov  Kazan  Chemical -Technological  Institute 

Esters  of  phosphorous  acid  are  converted  by  the  action  of  alkyl  halides  to  the  isomeric  esters  of  phosphonic 
acid  [1].  M.I.  Kabachnik  and  co-workers  found  tris-6 -chloroethyl  phosphite  is  converted  to  the  Isomeric  penta- 
valent  phosphorus  compound  without  the  addition  of  any  catalyst.  The  chloroethyl  group,  which  is  present  in  the 
molecule,  itself  causes  this  conversion,  and  the  boiling  point  of  this  ester  under  vacuum  is  sufficiently  high  that 
the  isomerization  goes  to  completion  [2].  On  the  other  hand,  tris-6,6 ,6 -trichloroethyl  phosphite  is  not  changed 
by  heating  for  5  hours  at  160-165*  [3].  In  this  regard,  it  was  of  interest  to  synthesize  similar  organophosphorus 
compounds  containing  chlorine  in  the  B -position,  and  to  study  their  chemical  properties. 

In  1945,  Cook,  Combie  and  Saunders  published  a  paper  [4]  in  which  they  reported  the  preparation  of  bis- 
0.  0 ’-dichloroisopropylphosphorous  acid[  bis  (1,3-dichloroisopropyl)  hydrogen  phosphite] -by  the  reaction  of  gly¬ 
cerin  1.3-dichlorohydrin  with  phosphorus  trichloride  in  carbon  tetrachloride.  This  product  decomposed  when 
distilled  under  a  vacuum  of  2  mm.  Chlorination  of  the  crude  "bis-0,  0  * -dichloroisopropyl  phosphite"  gave  bis- 
0 ,0 ’-dichloroisopropyl  chlorophosphate  [  bis(l,3-dichloroisopropyl)  chlorophosphate] ,  which  distilled  with  decom¬ 
position  at  182-186*  and  2  mm.  It  reacted  with  aniline  to  give  bis(0,0' -dichloroisopropyl)  anilinophosphate  — 
fine,  colorless  needles  with  an  m.  p.  of  81*.  Jones  and  co-workers  [5]  obtained  tris( 0,0 ’-dichloroisopropyl)  ortho¬ 
phosphate  by  the  interaction  of  glycerin  1,3-dichlorohydrin  and  phosphoryl  chloride  in  benzene  solution  in  the 
presence  of  pyridine. 

We  found  that  glycerin  1,3-dichlorohydrin  reacts  with  phosphorus  trichloride  in  1:1  ratio  to  give  a  mixture 
of  products.  The  physical  constants  of  these  compounds  are  presented  in  the  Table. 

TABLE 


Structural  formula 

Boiling 

MR 

point 

(jjressure  in 

Found 

mm) 

im 

gCIJAcHoPCl. 

95—96®  (12) 

1.5118 

1.5210 

46.04 

46.47 

126-127  (0.2) 

1.4891 

1.5193 

66.04 

65.77 

0 

175-178(0.07) 

1.5010 

1.5135 

83.83 

83.26 

The  first  two  products  -  the  chlorides  of  bis  0,0 ’-dichloroisopropyl-  and  0,0 '-dichloroisopropylphosphorous 
acid [ bis(  1,3 -dichloroisopropyl)  chlorophosphite  and  1,3-dichloroisopropyl  dichlorophosphite  |-  are  heavy,  color¬ 
less  liquids  which  fume  in  moist  air.  The  third  product  is  a  very  viscous,  slightly  mobile  oil;  it  is  colorless,  and 
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has  no  odor.  It  does  not  react  with  cuprous  chloride  and  phenyl  azide  (trlazo benzene).  Hydrolysis  of  this  prod¬ 
uct  with  hydrochloric  acid  and  treatment  of  the  reaction  mixture  with  barium  carbonate  gave  barium  2,3-dl- 
chloro  -n  -propy  Iphosphonate . 

The  conversion  of  trlvalent  to  pentavalent  phos|*orus  compounds  probably  proceeds  according  to  a  scheme 
similar  to  that  proposed  by  M.  I.  Kabachnlk  for  trls-(6 -chloroethyl)  phosphite  [2], 


/CICII 

VCICH 


*^CHO 


^  POCH<^ 


CII2CI 

CII2CI 


0— CHCIIzCI 
/ 

CH2 


PCH2CHCICH2GI 

A 


o 


Hydrolysis  of  bls(l,3-dlchlorolsopropyl)  chlorophosphlte  In  ether  solution  with  water,  In  the  presence  of 
pyridine  to  combine  with  the  hydrogen  chloride,  gave  the  corresponding  acid.  This  acid  was  a  colorless,  trans¬ 
parent  liquid  with  almost  iro  odor;  It  distilled  without  decomposition  at  145-147*  and  0.4  mm. 

The  interaction  of  glycerin  1,3-dichlorohydrln  with  phosphoryl  chloride  also  forms  a  mixture  of  products, 
even  at  a  reactant  ratio  of  1  to  1:  the  chloride  of  6,8 ’-dichloroisopropylphosphoric  acid  (1, 3 -dlchlorolso propyl 
dlchlorophosphate)  (ClCH2)2CHOPOCl2,  the  chloride  of  bis(0, 6 ’-dichloro isopropyl  )phosphorlc  acid  [bis(l,3-dl- 
chloroisopropyl)chlorophosphate  ]  [  ClCH2)2CHO]2POCl  and  tris(l,3-dichloroisopropyl)  phosphate  [(ClCH2)2CHO]s 
PO. 


This  is  the  first  preparation  of  1,3-dichloroisopropyl  dichlorophos(^ate  (the  physical  constants  are  given 
under  Experimental).  Bis(1.3-dichloroisopropyl)  chlorophosphate  has  been  synthesized  by  Cook  et  al  [4],  who 
identified  it  by  converting  it  to  bis(  1,3-dichloroisopropyl)  anilinophosphate  with  an  m.  p.  of  81*.  The  anilino- 
phosphate  prepared  by  us  from  bis(  1,3 -dichloro  iso  propyl)  chlorophosphate  had  an  m.  p.  of  80-81*.  Trls(l,3-di- 
chloroisopropyl)  phosphate  has  previously  been  prepared  by  Jones  andco-workers[5].  We  were  unable  to  purify 
this  product. 

Glycerin  1,3-dichlorohydrin  reacts  with  thiophosphoryl  chloride  more  difficultly  than  with  phosphorus  til- 
chloride  or  phosphoryl  chloride.  Appreciable  amounts  of  hydrogen  chloride  are  evolved  only  when  the  reaction 
mixture  is  boiled.  We  were  unable  to  obtain  the  individual  reaction  products. 

EXPERIMENTAL 

Interaction  of  glycerin  1,3-dichlorohydrin  with  phosphorus  trichloride.  154.8  g  of  glycerin  1,3 -dichloro - 
hydrin  was  added  dropwise  to  164.4  g  of  phosphorus  trichloride  at  30*.  The  reaction  mixture  was  held  at  this 
temperature  for  1  hour,  and  was  then  distilled  under  vacuum.  The  following  fractions  were  obtained:  1st,  93- 
100*  at  12  mm,  88.1  g;  2nd,  120-140*  at  0,3  mm,  80.0  g;  3rd,  170-185*  at  0.3  mm,  28.4  g.  All  fractions  were 
redistilled.  From  the  first  fraction  was  obtained  86.0  g  (44.9%  of  the  total  amount)  of  1,3-dichloroisopropyl  di- 
chlorophosphite .  This  is  a  colorless,  mobile  liquid  with  the  odor  of  phosphorus  trichloride;  it  fumes  in  moist  air. 

Found  %r  P  13.15,  13.26.  CSH5PCI4.  Calculated  %  P  13.48. 

During  re  distillation  of  the  2nd  fraction,  the  bis(  1,3-dichloroisopropyl)  chlorophosphlte  was  completely  dis¬ 
tilled  at  126-127*  and  0.2  mm.  79.1  g  (40.1%)  was  obtained.  The  compound  was  a  colorless,  viscous  liquid  which 
fumed  slightly  in  moist  air. 

Found  %:  P  9.85,  9.80.  C6II10O2PCI5.  Calculated  %:  P  9.63. 

The  redistillation  of  the  third  fraction  proceeded  very  smoothly  at  175-178*  and  0.07  mm.  This  compound 
was  a  colorless,  viscous  oil,  which  was  insoluble  in  water.  The  yield  was  27.5  g  (14.4%). 

Found  %:  P  7.25,  7.05.  CjHisOjPClg.  Calculated  %:  P  7.47. 

Hydrolysis  of  bis(  1,3-dichloroisopropyl)  2,3-dichloro-n-propylphosphonate.  3.2  g  of  the  material  and  5  ml 
of  concentrated  hydrochloric  acid  were  sealed  in  a  glass  tube  and  heated  at  150*  for  10  hours.  The  hydrolysis 
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products  were  transferred  to  a  distillation  flask  and  evaporated  under  vacuum.  The  residue  was  dissolved  in  aque¬ 
ous  alcohol  and  treated  with  barium  carbonate.  A  white,  crystalline  powder  was  formed,  and  carbon  dioxide 
was  evolved. 

Found  Ba  4.1.1.  42.9;  P  9.15,  9.00.  CjHgOjPBaCli.  Calculated  Ba  42.0;  P  9.44. 

Hydrolysis  of  bls(1..1-dichlorolsopropyl)  chlorophosphite.  13.2  g  of  the  chlorophosphite  was  placed  in  a 
three -neck  flask  fitted  with  a  thermometer,  a  dropping  funnel,  a  stirrer,  and  a  reflux  condenser,  and  150  ml  of 
absolute  ethyl  ether  was  added.  The  mixture  was  cooled  to  -5  to  0",  and.  with  stirring,  a  mixture  of  0.73  g  of 
water  and  3.2  g  of  pyridine  in  50  ml  of  ether  was  added  dropwise.  The  precipitated  pyridine  hydrochloride  was 
filtered,  the  ether  was  distilled,  and  the  residue  fractionated  under  vacuum.  7.5  g  (61.57o)  of  product  with  a  b^). 
of  145-14T  at  0.4  mm  was  obtained. 

d4^®  1.4865,  n^Dl.5010,  MPp  60.32;  calculated  60.41. 

Bis(l,3-dichloroisopropyl)  hydrogen  phosphite  is  a  colorless,  viscous,  odorless  liquid. 

Found  ^o:  P  10.25,  10.30.  C6Hi,03PCl4.  Calculated  P  10.20. 

Interaction  of  glycerin  1,3-dichlorohydrin  with  phosphoryl  chloride.  25.8  g  of  glycerin  1,3-dlchlorohydrln 
was  added  dropwise  to  30.6  g  of  phosphoryl  chloride  at  100*.  The  mixture  was  held  for  2.5  hours  at  130*,  and 
was  then  distilled.  The  following  fractions  were  obtained;  1st.  120-230*  (12  mm),  18.1  gj  2nd.  120-130*  (0.2 
mm),  10.0  g;  residue,  12.0  g. 

Redistillation  of  the  1st  fraction  gave  1,3-dichloroisopropyl  dichlorophosphite  ”  a  colorless,  mobile  liquid 
with  the  odor  of  phosphoryl  chloride. 

The  b.  p.  was  122-124*  at  12  mm;  d4^®  1.5800,n®D  1.4885,  MR^  44.86;  calculated  44.96. 

Found  %;  P  14.75,  14.80.  CsHgOjPCls.  Calculated  <70;  P  14.71. 

Re  distillation  of  the  2nd  fraction  gave  a  product  with  a  b.  p.  of  180-182*  at  2  mm.  The  distillation  was 
accompanied  by  decomposition,  and,  therefore,  the  other  constants  of  this  compound  were  not  determined.  Re¬ 
action  with  aniline  resulted  in  the  formation  of  the  anilinophosphate  with  an  m.  p.  of  80-81*,  which  was  iden¬ 
tical  to  that  prepared  by  Cook  [4]. 

It  was  not  possible  to  distill  the  tris(l,3-dichloroisopropyl)  phosphate;  owing  to  vigorous  decomposition. 

Interaction  of  glycerin  1.3-dichlorohydrln  with  thiophosphoryl  chloride.  32.2  g  of  glycerin  1,3-dlchloro- 
hydrin  was  added  dropwise.  with  stirring,  to  boiling  thiophosphoryl  chloride  (42.5  g).  Evolution  of  hydrogen  chlo¬ 
ride  was  very  weak.  After  the  addition  of  all  of  the  glycerin  1.3-dichlorohydrin,  the  temperature  was  raised  to 
150*  over  the  course  of  1  hour.  The  reaction  mixture  was  then  distilled  under  vacuum.  After  the  unreacted  gly¬ 
cerin  1,3-dichlorohydrin  and  thiophosphoryl  chloride  had  distilled  at  50-67*  (at  12  mm),  the  temperature  rose 
rapidly  to  120*,  and  then  slowly  increased  to  220*.  We  were  unable  to  separate  the  individual  products.  The 
products  were  light-yellow,  viscous  liquids  with  sharp. very  disagreeable  odors.  Decomposition  began  toward  the 
end  of  the  distillation. 


SUMMA  RY 

1.  The  interaction  of  glycerin  1,3-dichlorohydrin  with  PCI3  and  POCI3  at  a  reactant  ratio  of  1;1  proceeds 
with  the  formation  of  a  mixture  of  organic  phosphoms  derivatives  containing  one,  two,  or  three  1,3-dichloioiso- 
propyl  radicals. 

2.  The  reaction  becomes  increasingly  difficult  in  the  order  PCI3,  POCls,  PSCI3. 

3.  When  heated  during  the  course  of  distillation,  tris(  1,3-dichloroisopropyl)  phosphite  is  converted  to  the 
isomeric  bis(  1,3  -dichloro  iso  propyl)  2, 3  -dichloro  -n  -propylphosphonate . 
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ON  THE  SO-CALLED  ”  D  I -8  -  N  A  P  H  T  H  Y  L  A  C  E  T  A  L  " 

L.  P.  Zalukaev  and  N.  I.  Poplavskaya 
Institute  of  the  Academy  of  Sciences  Latvian  SSR 


From  the  reaction  of  paraldehyde  with  8 -naphthol  in  a  mixture  of  acetic  and  hydrochloric  acids,  Claisen 
[1]  obtained  a  substance  with  an  m.  p.  of  200-201*,  to  which  he  ascribed  the  structure  of  acetaldehyde  8 -naph¬ 
thyl  acetal.  "Di-8 -naphthylacetal"  was  later  prepared  by  Wenzke  and  Nieuwland  [2]  by  the  interaction  of  acet¬ 
ylene  with  8 -naphthol.  Since  this  substance  has  repeatedly  been  described  in  the  literature  as  "di-8 -naphthyl¬ 
acetal"  and  since  it  has  been  considered  an  intermediate  product  in  certain  reactions  [1,  3],  we  have  carried 
out  a  more  detailed  study  of  this  compound. 

The  formation  of  the  di-8 -naphthyl  acetal  from  acetaldehyde  would  appear  to  be  Improbable,  because 
formaldehyde  does  not  form  the  analogous  acetal  under  similar  conditions.  The  latter  can  be  prepared  only  by 
lengthy  heating  of  8 -naphthol  with  methylene  iodide  In  a  sealed  tube  in  the  presence  of  a  base  [4].  We  have 
been  able  to  establish  that,  under  the  same  conditions,  crotonaldehyde  gives  the  same  substance  as  acetaldehyde, 
and  by  careful  analysis  It  was  found  that  the  formation  of  the  substance  with  an  m.  p.  of  200-201"  from  acetal¬ 
dehyde  and  8 -naphthol  proceeds  according  to  the  equation  2CH3CHO-2C10H7OH -♦  C24H2o02f2H20. 

This  substance  forms  derivatives  -  a  monobenzoyl  derivative  (  m.  p.  178")  by  heating  with  benzoyl  chlo¬ 
ride  and  a  monoacetyl  derivative  (m.  p.  154-155")  by  refluxing  with  acetic  anhydride;  it  contains  1  active  hy¬ 
drogen  atom;  acidification  of  the  product  of  its  interaction  with  methylmagnesium  iodide  precipitates  the  orig¬ 
inal  substance  unchanged.  Hydrolysis  of  the  acetyl  derivative  also  leads  to  the  original  substance. 

On  distillation,  the  substance  decomposes  to  8  -naphthol  and  a  white,  crystalline  substance  with  an  m.  p. 
of  90-92",  which,  according  to  the  analytical  data  and  molecular-weight  determination,  corresponds  to  the  for¬ 
mula  C24Hi40.  Thus,  the  decomposition  of  "di-8 -naphthylacetal"  proceeds  according  to  C24H20O2-*'  Ci4Hi/>f 
C10H7OH. 

These  facts  leave  no  doubt  that  the  so-called  "di-8  -naphthylacetaT  of  Claisen  has  a  structure  which  is 
totally  different  than  that  which  has  formerly  been  ascribed  to  it. 

Dlanin  [5]  has  reported  on  the  condensation  of  mesityl  oxide  with  phenol,  which,  as  established  by  Baker 
and  co-workers[61  results  in  the  formation  of  4-p-hydroxyphenyl-2,2,4-trlmethylchroman,  and  this  compound, 
in  turn,  decomposes  on  heating  to  phenol  and  2,2,4-trlmethylchromene;  on  the  basis  of  this  work,  it  can  be  as¬ 
sumed  that  in  the  case  of  the  condensation  of  8  -naphthol  with  acetaldehyde,  crotonaldehyde  is  Initially  formed, 
that  the  reaction  subsequently  follows  the  same  course  with  the  formation  of  4-(l-2-hydroxynaphthyl  )  -  2- meth¬ 
yl -5,6 -benzochroman  (I),  and  that  thermal  decomposition  would  lead  to  the  chromene  (II)  and  8 -naphthol. 


(I)  (ii) 
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Considering  the  analytical  data  and  the  fact  that  chromenes  of  the  type  of  (II)  tend  to  disproportionate  at 
elevated  temperatures  with  the  formation  of  polymer  and  a  chroman  [7],  the  stmcture  of  2-methyl -5, 6-benzo- 
chroman  (III)  may  be  proposed  for  the  substance  with  an  m.  p.  of  90-92*, 


\/\ 

X>H3 

o 

(III) 

Compound  (III)  has  been  described  in  the  literature  [8],  It  also  has  an  m.  p.  of  90-  91*.  Our  substance 
with  an  m.  p.  of  90-92*  does  not  react  with  bromine  solution  at  room  temperature,  and  this  makes  it  probable 
that  formula  (II)  is  correct. 

It  is  characteristic  that  the  so-called  "di-6 -naphthylacetal",  likeDianln’s  compound,  does  not  give  a 
color  with  ferric  chloride,  dissolves  in  bases  with  considerable  difficulty,  and  gives  a  yellow-green  color  with 
concentrated  sulfuric  acid. 


EXPERIMENTAL 

Preparation  of  "di-fi  -naphthylacetal"  by  Clalsen's  method  [9].  7  g  of  8  -naphthol  and  3  g  of  paraldehyde 
were  dissolved  in  15  ml  of  glacial  acetic  acid,  and  to  the  solution  was  added  1  ml  of  hydrochloric  acid  (d  1.19). 
The  mixture  was  heated  on  a  water  bath,  and  an  oil  layer  separated.  The  mixture  was  cooled,  and  the  resulting 
crystals,  after  recrystallization  from  chloroform,  melted  at  200-201*.  The  substance  was  soluble  only  In  hot  aque¬ 
ous-alcoholic  bases,  and  it  did  not  give  a  color  with  an  alcoholic  solution  of  ferric  chloride. 

Found  C  84.92;  H  5.70,  M  344.4,  348.2  (ebullioscopic,  in  acetone):  act.  H  1.07  (in  isoamyl  ether), 

l. 08  (in  pyridine).  C24Hi^OH).  Calculated  C  84.70;  H  5.88.  M  340;  act,  H  1. 

The  acetyl  derivative  was  prepared  by  refluxing  with  acetic  anhydride.  58.4  g  of  acetylation  product  was 
obtained  from  80  g  of  "di-8  -naphthylacetal."  After  two  rccrystallizations  from  glacial  acetic  acid,  the  sub¬ 
stance  melted  at  154-155*. 

Found  C  81.49;  H  6.00,  M  378.1  (ebullioscopic,  in  acetone).  C26H22O3.  Calculated  %:  C  81.68;  H 
5.76.  M  382. 

When  refluxed  with  an  alcoholic  solution  of  sodium  hydroxide,  the  acetyl  ddrivative  was  hydrolyzed  to  the 
original  product  with  an  m.  p.  of  200-201*. 

The  benzoyl  derivative,  m.  p,  178*.  was  prepared  by  heating  "di-8 -naphthylacetal"  with  benzoyl  chloride. 

Found  C  83.62;  H  5.89.  M  436  (ebullioscopic.  in  acetone).  C3jH2/)3.  Calculated  °lo‘.  C  83.77;  H  5.41. 

M  444. 

A  white  precipitate  of  the  Mg  salt  was  formed  when  a  solution  of  methylmagnesium  iodide  was  added  to 
a  dry  ether  solution  of  "di-8  -naphthylacetal";  after  filtration  and  treatment  of  the  salt  with  dilute  hydrochloric 
acid,  the  original  substance  with  an  m.  p.  of  200-201*  was  obtained  in  almost  quantitative  yield. 

Reaction  of  8 -naphthol  with  crotonaldehyde.  3  g  of  crotonaldehyde  (b.  p.  104-106*,  p-nitrophenylhydrazone 

m.  p.  183-185*),  7  g  of  8  -naphthol,  15  ml  of  glacial  acetic  acid,  and  1  ml  of  hydrochloric  acid  (d  1.19)  were 
heated  on  a  water  bath.  The  oil  which  separated  was  purified  as  indicated  above.  After  recrystallization  from 
chloroform,  the  white  crystals  melted  at  200".  A  mixture  with  the  previously  prepared  "di-8 -naphthylacetal" 
showed  no  depression  of  the  melting  point. 

Thermal  decomposition  of  "di-8 -naphthylacetal."  30  g  of  the  substance  was  melted  in  a  retort,  which 
was  then  heated  strongly.  A  rapidly  crystallizing  oil  distilled  at  310-325*.  The  weight  was  24.3  g.  The  distil  ¬ 
late  was  treated  with  20fyo  sodium  hydroxide  and  then  with  ether.  The  alkaline  layer  was  acidified.  The  crystals 
of  8  -na[rfithol  were  suction-filtered  and  dried.  The  weight  was  13.3  g;  m.  p.  117*.  The  acetyl  derivative  had 
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an  m.  p.  of  68-69*;  a  mixture  with  a  known  sample  of  the  acetyl  derivative  melted  without  depression  of  the 
melting  point.  Distillation  of  the  solvent  from  the  ether  layer  gave  a  partially  crystallized  oil.  The  weight  was 
7.8  g.  The  oil  was  washed  with  alcohol.  The  white  powder  was  recrystallized  from  alcohol.  The  m.  p.  was  90- 
92*.  The  weight  was  1.9  g. 

Found  C  84.47;  H  7.22.  M  193.4  (ebullloscopic,  in  acetone).  C14H12O.  Calculated  %:  C  85.70;  H  6.12. 
M  196.  C14H1P.  Calculated  °hi  C  84.84;  H  7.07.  M  198. 

SUMMARY 

1.  It  was  shown  that  the  product  of  the  condensation  of  B-naphthol  with  paraldehyde  is  not  the  di-B  - 
naphthyl  acetal. 

2.  The  reactions  and  analysis  of  the  condensation  product  make  it  possible  to  describe  the  compound  as 
4-f  l-(2-hydroxynaphthyl)  1-2-methyl -5, 6 -be  nzochroman. 
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C-CHLORO-P.P-DIMETHOXY-  AND  C-CHLORO-P,P-DIAROXY- 
ISOPHOSPHAZOACYLS 


G  .  I .  De  rka  ch 

Institute  of  Organic  Chemistry.  Academy  of  Sciences  Ukrainian  SSR 

Trichloroisophosphazoacyls  have  recently  been  prepared  by  the  action  of  phosphorus  pentachloride  on 
acylamidophosphoric  dichlorides  [1]  according  to  the  scheme 

HCONHPOCI,  f  pels  —v  IICI  f  POCI3  I  HCCl=NPOCl2. 

It  was,  therefore,  of  interest  to  discover  whether  this  reaction  could  be  extended  to  the  diesters  of  acyl¬ 
amidophosphoric  acids  so  as  to  obtain  C-chloro-P,P-dialkoxy-  and  C-chloro-P,P-diaroxylsophosphazoacyls 
(1)  according  to 

HCONlIPOfOll').  +  PC.I-,  — ^  MCI  +  POCI3  -i-  HCCI^NPO(OIP).,  (II) 

(I) 

In  their  chemical  nature,  the  C-chloro-P,P-diaroxyisophosphazoacyls  are  acid  chlorides  of  diesters  of 
imidophosphoric  acids  (see  reference  [2]  for  nomenclature),  and  they  therefore  exhibit,  on  the  one  hand,  the 
properties  of  imidic  acids  and  the  properties  of  esters  of  amldophosphoric  acids,  on  the  other. 

The  preparation  of  (I)  is  of  interest,  since  similar  compounds  are  unknown,  and  it  is  clearly  possible  to 
prepare  from  them  a  series  of  new  typiis  of  phosphoric  acid  derivatives. 

The  experiments  showed  that  reaction  (II)  takes  place  with  considerably  greater  ease  than  does  the  reac¬ 
tion  of  phosphorus  pentachloride  with  acylamidophosphoric  dichlorides  Thus,  for  example,  when  equivalent 
amounts  of  phosphorus  pentachloride  and  the  dimethyl  ester  of  an  acylamidophosphoric  acid  are  mixed,  the  re¬ 
action  proceeds  quite  violently  even  at  room  temperature.  The  diphenyl  esters  of  acylamidophosphoric  acids 
react  with  phosphorus  pentachloride  with  somewhat  greater  difficulty,  but  the  di(p-nitrophenyl)  and  di(p-chloro- 
phenyl)  esters  react  with  phosphorus  per'.achloride  under  approximately  the  same  conditions  as  the  acylamido¬ 
phosphoric  dichlorides.  During  the  reaction,  80-90%  of  the  hydrogen  chloride  and  about  90%  of  the  theoretical 
amount  of  phosphoryl  chloride  are  evolved,  and  these  are  collected  and  determined  by  the  usual  methods.  Ben¬ 
zene  and  chlorobenzene  can  be  used  as  solvents  for  the  reactions  of  the  dimethyl  esters  of  acylamidophosphoric 
acids  with  phosphorus  pentachloride;  only  chlorobenzene  can  be  used  for  the  remaining  dlesters.  The  reactions 
also  proceed  readily  without  a  solvent,  but  the  products  are  less  pure  and  more  difficult  to  crystallize,  probably 
owing  to  local  overheating.  The  reactions  proceed  much  more  smoothly  in  chlorobenzene,  and  the  distillation 
of  the  pliosphoryl  chloride  is  much  easier  in  the  presence  of  chlorobenzene.  Removal  of  the  phosphoryl  chloride 
by  washing  with  various  solvents  is  attended  by  considerable  loss  of  (I). 

C-Chloro-P,P-dimethoxyphosphazoacyls  are  viscous,  oily  liquids  or  low-melting  solids.  It  is  very  diffi¬ 
cult  to  isolate  them  in  the  crystalline  state,  since  when  they  are  removed  from  the  reaction  vessel,  they  deli¬ 
quesce  very  rapidly,  reacting  with  atmospheric  moisture.  C-Chloro-P,P-diaroxyisophosphazoacyls  are  consider¬ 
ably  more  stable  toward  atmospheric  moisture,  and  are  readily  isolated  as  well -formed  crystals  with  sharp  melt¬ 
ing  points. 

All  compounds  of  type  (I)  are  very  reactive;  they  readily  react  with  water,  sodium  alcoholates  and  pheno- 
lates,  amines,  and  other  compounds  containing  active  hydrogen  or  metal  atoms.  They  have  a  characteristic 
odor  of  benzonitrile.  In  the  absence  of  moisture,  they  can  be  stored  without  change  for  quite  long  periods  of  time. 
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Found  %:  Cl  9.15;  N  6,91.  Calculated.  %:  Cl  8.51;  N  6.72. 

Including  material  recovered  from  the  mother  liquor,  the  yield  was  about  83%. 

•  The  substance  hydrolyzes  very  readily,  and,  on  standing  in  air  for  a  short  time,  it  is  completely  converted  to  the  corresponding  diester. 

•  •  Including  material  recovered  from  the  mother  liquor,  the  yield  was  about  937o. 


and  when  agitated  with  water  or  when  allowed  to  stand  in  air,  they  are  quantitatively  converted  to  the  original 
acylamidof^iosphoric  diesters;  this  is  reliable  proof  of  their  structure.  They  titrate  to  a  phenolphthalein  end 
point  with  2  equivalents  of  base  in  aqueous -alcoholic  solution.  On  thermal  decomposition,  (1)  gives  almost  quan¬ 
titative  yields  of  die  nitrile  and  the  corresponding  esters  of  phosphoric  acid  chlorides  according  to  the  scheme 

RCCl=NPO(OR’)j  -  RCN  +  ClPOfOR')^. 

The  reaction  takes  place  in  10-15  minutes  at  250-300*  and  20-22  mm.  The  nitriles  were  identified  by 
boiling  or  melting  point;  the  acid  chlorides  were  converted  to  the  amides  and  identified  by  melting  point. 

EXPERIMENTAL 

C-Chloro-P.P-dimethoxyisophosphazoacyls.  0.01  mole  of  the  dimethyl  ester  of  the  acylamidophosphoric 
acid  was  mixed  with  0.01  mole  of  phosphorus  pentachloride  and  10-15  ml  of  dry  benzene  or  chlorobenzene.  The 
reaction  began  at  room  temperature  and  proceeded  rather  vigorously.  When  the  evolution  of  hydrogen  chloride 
began  to  slow  down,  the  reaction  mixture  was  heated  on  an  oil  bath  for  5-10  minutes  at  60-70*,  and  the  phos- 
phoryl  chloride  and  solvent  were  distilled  under  vacuum.  80-90%  of  the  hydrogen  chloride  was  liberated  during 
the  reaction,  and  this  was  collected  and  determined  in  the  usual  manner.  The  residue  contained  the  C-chloro- 
P,P-dimethoxyisophosphazoacyl  as  a  viscous,  transparent  liquid  or  as  a  "soft*  crystalline  material,  which,  when 
removed  from  the  reaction  vessel,  lost  its  crystalline  form  and  rapidly  deliquesced.  All  of  the  C-chloro-P,P- 
dimethoxyisoi^osphazoacyls  were  readily  soluble  in  acetone  and  benzene,  and  more  difficultly  soluble  in  ether, 
petroleum  ether,  carbon  tetrachloride,  and  chlorobenzene.  The  compounds  prepared  are  described  in  the  table. 

C-Chloro-P,P-diphenoxyisophosphazoacyls.  0.01  mole  of  the  diphenyl  ester  of  the  acylamidophosphoric 
acid  was  mixed  with  0.01  mole  of  phosphorus  pentachloride  and  15-20  ml  of  chlorobenzene,  and  the  mixture 
was  heated  on  an  oil  bath  at  100-105*  until  the  evolution  of  hydrogen  chloride  ceased,  which  required  10-15 
minutes.  The  phosphoryl  chloride  and  the  chlorobenzene  were  distilled  under  vacuum.  The  residue  contained 
the  C-chloro-P.P-diphenoxyisophosphazoacyl  as  a  dense,  crystalline  precipitate  or  as  a  liquid  which  rapidly 
crystallized  when  ground  with  a  glass  rod  in  the  presence  of  2-3  ml  of  petroleum  ether.  C-Chloro-P,P-diphe- 
noxyisophosphazoacyls  may  be  crystallized  from  benzene,  petroleum  ether,  or  their  mixtures.  All  of  these  com¬ 
pounds  are  readily  soluble  in  acetone  and  benzene,  and  more  difficultly  soluble  in  chlorobenzene,  petroleum 
ether,  ether,  and  carbon  tetrachloride  (see  table). 

C-Chloro-P,P-di(p-chlorophenoxy)isophosphazoacyls.  0,01  mole  of  the  di(p-chlorophenyl)  ester  of  the 
acylamidophosphoric  acid,  0.01  mole  of  phosphorus  pentachloride,  and  15-20  ml  of  chlorobenzene  was  heated 
on  an  oil  bath  at  110-115®  until  the  evolution  of  hydrogen  chloride  completely  ceased,  which  required  20-25 
minutes.  The  phosphoryl  chloride  and  part  of  the  chlorobenzene  were  distilled  under  vacuum.  5-6  ml  of  pet¬ 
roleum  ether  was  added  to  the  remaining  solution,  and  the  mixture  was  allowed  to  stand  for  1-3  hours.  The 
crystallized  product  (usually  coarse,  well -formed  prisms)  was  suction-filtered,  washed  with  petroleum  ether  (2 
ml)  and  with  ether  (3  ml),  and  dried.  The  C-chloro-P,P-di(p-chlorophenoxy)phosphazoacyls  prepared  in  this 
manner  were  practically  pure,  and  did  not  require  recrystallization;  when  necessary,  they  can  be  crystallized 
from  benzene  or  chlorobenzene.  The  yields  of  products  were  80-90%.  All  of  the  C-chloro-P,P-di(p-chloro- 
phenoxy)isophosphazoacyls  were  quite  readily  soluble  in  benzene  and  acetone,  somewhat  less  soluble  in  chloro¬ 
benzene,  and  difficultly  soluble  in  petroleum  ether,  etlier,  and  carbon  tetrachloride  (see  table). 

C-Chloro-P,P-di(p-nitrophenoxy)isophosphazoacyls.  0.01  mole  of  the  di  p-nitrophenyl)  ester  of  the  acyl- 
amidDphosphoric  acid,  0.01  mole  of  phosphorus  pentachloride,  and  15-20  ml  of  chlorobenzene  were  heated  on 
an  oil  bath  at  110-120*  until  the  evolution  of  hydrogen  chloride  ceased  completely,  which  required  30-40  min¬ 
utes.  About  90% of  the  hydrogen  chloride  was  liberated  during  this  period,  and  this  was  collected  and  determ¬ 
ined  in  the  usual  manner.  The  phosphoryl  chloride  and  part  (approximately  half)  of  the  chlorobenzene  were  dis¬ 
tilled  under  vacuum.  On  cooling  of  the  solution,  the  C-chloro-P,P-di(p-nitrophenoxy)isophosphazoacyl  crystal¬ 
lized  as  coarse,  well -formed  prisms,  which  were  filtered,  washed  with  petroleum  ether  (3  ml)  and  with  ether 
(3  ml),  and  dried.  The  products  were  quite  pure,  and  did  not  require  recrysiallization;  they  can  be  recrystal¬ 
lized  from  benzene  or  chlorobenzene.  The  yields  (including  material  recovered  from  the  mother  liquors)  were 
almost  quantitative.  C-Chloro-P,P-di(p-phenoxy)isophosphazoacyls  are  difficultly  soluble  in  benzene,  acetone, 
and  chlorobenzene  and  still  more  difficultly  soluble  in  petroleum  ether,  ether,  and  carbon  tetrachloride  (see 
table). 
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Thermal  decomposition  of  C-chloro-P,P-diaroxyisophosphazoacyls.  0.02  mole  of  C-chloro-P.P-dlphen- 
oxylsophosphazobenzoyl  was  placed  In  a  25-ml  Claisen  flask  fitted  with  a  capillary  and  thermometer  and  grad¬ 
ually  heated  under  vacuum  (20  mm)  on  an  oil  bath.  Decomposition  began  at  a  bath  temperature  of  230-240* 
and  ended  within  8-10  minutes.  About  90^o  (1.85  g)  of  the  benzonitrile  and  about  8-97oof  an  intermediate  frac¬ 
tion  (0.16  g)  distilled  during  this  time.  The  remaining  material  (96.e7o.  5.2  g)  was  treated  with  concentrated 
aqueous  ammonia,  and  the  resulting  crystals  of  the  diphenyl  ester  of  a mldo phosphoric  acid  were  recrystallized 
from  alcohol;  the  m.  p.  was  144-146*.  which  agrees  with  the  literature  value  [3].  The  decomposition  of  C- 
chloro-P,P-dlphenoxyisophosphazo-m-nitrobenzoyl  was  carried  out  in  the  same  manner.  The  decomposition 
temperature  was  230-240*.  A  91.3%  yield  of  n-nitro benzonitrile  and  a  95.2%  yield  of  the  diphenyl  ester  of  chlo- 
rophosphorlc  acid  were  obtained.  C-Chloro-P,P-di(p-nltrophenoxy)isophosphazobenzoyl  was  decomposed  at 250- 
260*  (21  mm).  The  yields  of  benzonitrile  and  di(p-nitrophenyl)  ester  of  chlorophosphoric  acid  were  97.4%  and 
96.4%, respectively.  The  ester  was  treated  with  a  2  N  solution  of  sodium  hydroxide,  and  the  solution  was  acid¬ 
ified  with  hydrochloric  acid  to  precipitate  di(p-nitrophenyl)  phosphate;  the  m.  p.,  174-176*.  agrees  with  the 
literature  value  [4].  Other  C-chloro-P.P-dimethoxy-  and  -diaroxyisophosphazoacyls  were  decomposed  in  a  sim¬ 
ilar  manner. 

Hydrolysis  of  C-chloro-P.P-dimethoxy-  and  C-chloro-P.P-diaroxyisophosphazoacyls.  0.01  mole  of  the 
compound  was  mixed  with  10  ml  of  water,  and  the  mixture  was  allowed  to  stand  at  room  temperature.'  Hydrol¬ 
ysis  was  complete  after  2-2.5  hours.  The  diesters  of  acylamino phosphoric  acids  were  suction-filtered,  washed 
with  water,  and  dried  in  air.  The  yields  were  96-99%;identiflcation  of  the  products  was  by  mixed  melting  point. 

SUMM  A  RY 

1.  C-Chloro-P.P-dimethoxy-  and  C-chloro-P,P -diaroxyisophosphazoacyls  were  prepared  by  the  action  of 
phosphorus  pentachlorlde  on  diesters  of  acylamldophosphorlc  acids. 

2.  Thermal  decomposition  of  the  C-chloro-P.P-dimethoxy-  and  C-chloro-P,P-diaroxyisophosphazoacyls 
gave  the  corresponding  nitriles  and  dimethyl  and  diaryl  esters  of  chlorophosphoric  acid. 

3.  Hydrolysis  of  the  C-chloro-P.P-dimethoxy-  and  C-chloro-P.P-dlaroxyisophosphazoacyls  gave  the  cor¬ 
responding  dlesters  of  acylamidophosphoric  acids. 
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THE  REFORMATSKY  REACTION  WITH  a  -  H  A  LON  ITRILES 


II.  THE  CONDENSATION  OF  CHLOROBENZALDEHYDES  WITH  BROMOACETONITRILE 

L.  Kh.  Vinograd  and  N.  S.  Vul*fson 

Scientific  Research  Institute  of  Intermediate  Products  and  Dyes 


In  a  previous  communication  [1],  we  described  the  condensation  of  benzaldehyde  with  bromoacetonitrile 
under  Reformatsky  reaction  conditions;  the  reaction  proceeds  with  the  formation  ofB  -hydroxy-6  -phenylpropio- 
nitrile.  In  a  continuation  of  this  work,  we  have  studied  the  condensation  of  o-.  m-,  and  p-chlorobenzaldehydes 
with  bromoacetonitrile  under  the  usual  conditions  for  Reformatsky  reactions.  As  in  the  case  of  unsubstituted  ben¬ 
zaldehyde,  we  obtained  the  previously  undescribed  6 -hydroxy-8 -chlorophenylpropionitriles.  The  nitriles  were 
characterized  by  elemental  analysis, by  conversion  through  Radziszewski’s  reaction  [2]  to  the  corresponding,  also 
previously  undescribed,  hydroxyamides,  and  by  hydrolysis  to  the  known  trans-o-,  m-,  and  p-chlorocinnamic  acids. 

CIQH^CHO  f  nrCH^CN  ClCnlliGHfOIl )CH2CN 


GICeIl4CH(OH)CH2GONH..  (',1C„H4CH=CHC00H 

It  should  be  pointed  out  that  the  introduction  of  a  chlorine  atom  into  the  4 -position  of  benzaldehyde  some¬ 
what  increases  the  yield  of  hydroxynitrile  as  compared  to  the  yield  obtained  with  the  unsubstituted  aldehyde  [1] 
(53.4*70  Instead  of  48.2%),  while  the  introduction  of  chlorine  into  the  2-position  and,  particularly,  into  the  3-po- 
sition  reduces  the  yield  of  hydroxynitrile  (43.0  and  27.6%,  respectively).  However,  when  the  reaction  is  carried 
out  in  the  presence  of  mercuric  chloride  [3],  the  yield  of  8 -hydroxy-6 -(3-chlorophenyl)propionitrlle  is  increased 
to  50.7%. 

EXPERIMENTAL 

6  -Hydroxy-8  -(4-chlorophenyl)propionitrile.  6  g  of  bromoacetonitrile  was  added,  over  a  15-minute  peri¬ 
od  to  a  boiling  mixture  of  7  g  of  p-chlorobenzaldehyde,  prepared  by  the  method  of  reference  [4],  4.5  g  of  ac¬ 
tivated  zinc  dust,  8  ml  of  dry  benzene,  and  2  ml  of  dry  ether.  The  mixture  was  stirred  and  refluxed  for  an  ad¬ 
ditional  45  minutes.  20  ml  of  dry  benzene  was  added  10  minutes  after  the  beginning  of  the  addition  of  nitrile, 
since  the  mixture  had  thickened.  The  mixture  was  cooled  to  room  temperature  and  stirred  for  1  hour  with  35 
ml  of  10%  sulfuric  acid  (ice  cooling).  The  very  small  amount  of  precipitate  was  filtered,  and  the  benzene  layer 
was  separated  and  washed  with  a  5%  solution  of  sulfuric  acid,  then  with  a  5%  soda  solution,  and  finally  with  wa¬ 
ter.  The  water  layer  and  the  acid  wash  water  were  extracted  with  benzene.  The  washed  extract  was  added  to 
the  main  portion.  The  benzene  and  ether  were  distilled,  and  the  residue  was  distilled  under  vacuum  in  a  stream 
of  nitrogen.  The  following  distillate  fractions  were  collected:  75-80*  (5  mm),  0.8  g  (unchanged  aldehyde)  and 
178-180*  (5  mm),  4.85  g  (53.4%)  6  -hydroxy-8  -(4-chlotophenyl)propionitrile  —  a  light-yellow,  viscous  liquid 
which  soon  crystallized.  The  m.  p.  was  49.5-50.5*.  It  was  readily  soluble  in  methanol.  Two  recrystallizations 
from  200  and  250  ml  of  CCI4  gave  3.2  g  of  colorless  crystals  with  an  m.  p.  of  53-53.5". 

Found  %:  C  59.63;  H  4.61;  N  7.73;  Cl  19.41.  CjHgNCl.  Calculated  %:  C  59.51;  H  4.44;  N  7.71;  Cl  19.52. 
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8  -Hydioxy-8  -(4-chlorophenyl)propionaniide.  1  g  of  6  -hydroxy-S  -(4-chlorophenyl)propionitrile,  2  ml 
of  water,  4  ml  of  30%  H2O2,  0.5  ml  of  1  N  KOH,  and  1  ml  of  methanol  were  vigorously  stirred  for  1.5  hours  at 
40-60*.  Thp  nitrile  completely  dissolved  during  this  time.  White,  lamellar  crystals  (0.9  g)  precipitated  as  the 
reaction  mixture  was  cooled  to  room  temperature;  the  crystals  were  readily  soluble  in  methanol  and  hot  water 
and  sparingly  soluble  in  benzene.  CCI4,  and  cold  water.  Recrystallization  from  6  ml  of  water  gave  0.5  g  (45.5%) 
of  8 -hydroxy-S -(4-chlorophenyl)propionitrlle  with  an  m.  p.  of  130-131.5*. 

Found  %:  C  54.09,  54.06;  H  4.85,  4.91;  N  7.10,  6.92.  CjHioOzCl.  Calculated  %;  C  54.14;  H  5.049; 

N  7.016. 

Trans-4-chlorocinnamic  acid.  0.6  g  of  8  -hydroxy-8  -(4-chlorophenyl)propionltrlle  was  refluxed  for  4 
hours  with  30  ml  of  2  N  KOH  diluted  with  100  ml  of  water;  the  mixture  was  then  filtered  from  the  very  small 
amount  of  solid,  and  acidified  with  dilute  (1:1)  hydrochloric  acid.  The  resulting  precipitate  was  filtered  and 
washed  with  water.  The  acid  melted  at  246.5-247*  (literature  value  [5];  247*). 

8  -Hydroxy -8  -(2-chlorophenyl)propionitrile.  The  nitrile  was  prepared  from  7  g  of  2-chlorobenzaldehyde 
(prepared  by  the  method  of  reference  [6])  by  refluxing  the  reaction  mixture  for  1  hour  without  the  addition  of 
benzene.  Distillation  gave  the  following  fractions:  60-65* (2  mm),  1.55  g,  unchanged  aldehyde,  and  153-156* 

(2  mm),  3,9  g  (43%),  8 -hydroxy-8 -(2-chlorophenyl)proplonitrile  —  a  llght>^range,  viscous  liquid.  On  standing 
for  20  days  at  0*,  the  liquid  crystallized.  Recrystallization  from  60  ml  of  CCI4  gave  2.3  g  of  crystals,  thin  leaves 
with  a  pearly  luster.  M.  p.  61-62*. 

Found  %:  C  59.59;  H  4.62;  Cl  19.48.  CjHgNCl.  Calculated  %:  C  59.51;  H  4.44;  Cl  19.52. 

8 -Hydroxy-8  -(2-chlorophenyl)piopionamide  was  prepared  from  0.5  g  of  the  nitrile  with  a  30-mlnute  re- 
fluxing.  Recrystallization  from  200  ml  of  water  gave  0.4  g  (72.5%)  of  needles  with  an  m.  p.  of  192.5-193*. 

Found  %:  C  54.23;  H  5.01;  Cl  17.72.  C9H10O2NJCI.  Calculated  %:  C  54.14;  H  5.049;  Cl  17.76. 

Trans-2-chlorocinnamic  acid  was  prepared  in  a  manner  similar  to  that  used  in  the  preparation  of  the  4- 
chloro  isomer.  Needles  with  an  m.  p.  of  209.5"  (literature  value  [5],  211*)  were  obtained  by  recrystallization 
from  methanol. 

8  -Hydroxy-8  -(3-chlorophenyl)propionitrile.  a)  The  nitrile  was  prepared  from  7  g  of  3-chlOrobenzalde- 
hyde,  prepared  by  the  method  of  reference  [7], by  refluxing  the  reaction  mixture  for  3  hours  without  the  addi¬ 
tion  of  benzene.  The  following  fractions  were  collected  during  the  distilllation:  60-120*  (1  mm),  0.7  g,  un¬ 
changed  aldehyde  containing  some  bromoacetonitrile,  and  152-156*  (1  mm),  2.5  g  (27.6%),  8 -hydroxy -8 -(3- 
chlorophe  nyl  )propionitrile . 

b)  The  reaction  was  carried  out  in  a  similar  manner  but  in  the  presence  of  0.1  g  of  mercuric  chloride. 

The  following  fractions  were  collected  during  the  distillation;  60-120*  (1  mm).  1.4  g,  unchanged  aldehyde  con¬ 
taining  some  bromoacetonitrile,  and  152-156*  (1  mm),  4.6  g  (50.7%),  8 -hydroxy-8 -(3-chlorophenyl)proploni- 
trile  ~  a  colorless,  viscous  liquid. 

Found  %;  C  59.70;  H  4.57;  N  7.73;  Cl  19.64.  CjHgNCl.  Calculated  %;  C  59.51;  H  4.44;  N  7.71;  Cl  19.52. 

8 -Hydroxy-8 -(3-chlorophenyl)propionamide,  was  obtained  from  0.5  g  of  the  nitrile.  The  amide  crystal¬ 
lized  a7te7TtandIng7or2”day7rimd~two^lecrystarnzatm  from  alcohol  gave  0.25  g  (45.5%)  of  a  substance  with 
an  m.  p.  of  134-135*. 

Found  %;  C  54.51;  H  5.00;  N  7,22.  CsHiqOjNCI.  Calculated  %;  C  54.14;  H  5.049;  N  7.016. 

Trans-3-chlorocinnamic  acid  was  prepared  from  0.4  g  of  8 -hydroxy-8 -(3-chlorophenyl)proplonitrile  by 
the  method  described  for  the  preparation  of  the  4-chloro  isomer*, 0.15  g  of  the  acid  was  obtained.  Recrystalliza¬ 
tion  from  2  ml  of  methanol  gave  3-chlorocinnamic  acid  with  an  m.  p.  of  164*  (literature  value  [5],  165*). 

Found  %;  C  59.21;  H  3.88.  C9H7O2CI.  Calculated  %;  C  59.2;  H  3.84. 

SUMMA  RY 

1.  8 -Hydroxy -8 -(0-,  m,  and  p-chlorophenyl)propionitrlles  were  prepared  by  condensation  of  o-,  m-, 
and  p-chlorobenzaldehydes  with  bromoacetonitrile  under  Reformatsky  conditions,  and  from  them  were  obtained 
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the  corresponding  6 -hydroxy-6 -(chlorophenyl)proplonamides:  all  of  these  compounds  were  characterized. 

2.  It  was  found  tliat  the  addition  of  mercuric  chloride  considerably  Increases  the  yield  of  6-hydroxy-B 
(3  -chloropheny  I  )proplonitrIIe . 
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INVESTIGATIONS  IN  THE  FIELD  OF  ORG  A  N  O  C  Y  CLOS  IL  O  X  A  NE  S 


V.  ALKYLCYCLOTETRASILOXANES  WITH  FUNCTIONAL  GROUPS 

N .  N  ,  Sokolov 

All-Union  Electrotechnical  Institute 


We  have  previously  described  certain  organocyclosiloxanes  with  functional  groups  (H,  Cl)  at  the  silicon 
atoms  [1.  2].  Below  we  describe  the  preparation  of  alkylcyclosiloxanes  with  functional  groups  at  the  silicons 
by  cohydrolysis  of  dimethyldichlorosilane  with  methyldichlorosilane  or  ethyldichlorosilane  in  a  molar  ratio  of 
1;0.5.  The  use  of  these  monomers  in  the  cohydrolysis  reaction  results  in  the  formation  of  cyclic  compound 
rings  composed  of  with  mixed  units.  The  presence  of  a  hydrogen  atom  attached  to  a  ring  silicon  makes  pos¬ 
sible  the  further  preparation  of  derivatives. 

At  the  conclusion  of  the  cohydrolysis  the  cyclic  compounds  were  distilled  from  the  linear  compounds 
and  then  fractionated.  The  remaining,  undistillable  linear  and  higher  cyclic  compounds  were  thermally  re¬ 
arranged  at  300-360*,  and  the  rearrangement  products  were  subsequently  fractionated.  It  was  found  that  both 
of  these  methods  give  cyclic  compounds  with  rings  composed  of  mixed  units. 

The  properties  of  the  tetramers  are  presented  in  Table  1. 

Approximately  the  same  amount  of  cyclic  tetramers  is  formed  during  thermal  rearrangement  as  during 
hydrolysis  (Table  2), 


TABLE  1 

Methylcyclosiloxanes  Formed  by  Cohydrolysis  and  by  Thermal  Rearrangement 


Cyclosiloxane 

Formula* 

1 ,1 ,3,5,7-Pentamethyl- 
cyclotettasiloxane 

CII,  CH, 

,CH, 

H  CII, 

i  ,i, 3,5,5, 7-Hexamethyl- 
cyclotetrasiloxane 

cn,  CII, 
II\^<^^CII, 

cuf  CII, 

Heptamethylcyclotetra  - 
siloxane 

CII,  CH, 

CII, 

CII,  CII, 

Temperature 

kp.  (press,  in 
mm) 

Mp.(±  1’) 

ct,»' 

69°  (50). 
50.5(20) 

—52® 

1.3913 

0.9718 

58.5-59  (20), 
77.5  (50) 

-40 

1.3935 

0.9674 

84.5  (50), 

()6  (20) 

—27 

1.3965 

0.9583 

•  The  square  denotes  the  (Si— 0)n  ring. 
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Almost  half  of  the  mixture  of  cyclic  compounds  consisted  of  rings  higher  than  tetramera  (these  were  not 
separated).  This  is  explained  by  the  effect  of  the  methyldichlorosilane,  which  tends  considerably  toward  the 
formation  of  linear  polymers  and,  apparently,  larger  rings.  Of  the  1860  g  of  methylchlorosilanes  cohydrolyzed, 
a  total  of  1065  g  was  recovered  as  cohydrolysis  products;  the  loss  during  thermal  rearrangement  was  43  g. 

TABLE  2 

Amount  of  Cyclic  Tetramers  Separated  from  the  Products  of  the  Hydrolysis  of  (CH3)jSlClj  + 

+  CHjSlHCli  (1:0.5) 


Cycloslloxane 

From  435  g 
of  cycllcs 
|rop  hydro- 

Fjom 

585  g  of  cy¬ 
cllcs  from  re 
arrangement 

Total  from 

1020  g 

g 

% 

g 

•/, 

8 

•/o 

Hexamethylcyclotrislloxane  +  tetramethyl- 

19 

4.4 

34 

5.8 

53 

5.2 

cyclotetrasiloxane 

Pentamethylcyclotetrasiloxane 

18 

4.2 

19 

3.3 

37 

3.6 

Hexamethylcyclotetraslloxane 

50 

11.5 

64 

11.0 

114 

11.2 

Pentamethylcyclotetrasiloxane 

90 

20.6 

.58 

9.9 

148 

14.5 

Octamethylcyclotetrasiloxane 

86 

19.8 

96 

16.4 

182 

17.9 

Total 

26.3 

60.5 

271 

46.4 

534 

52.4 

TABLE  3 


Methylchlorocyclosiloxanes  with  Mixed  Units 


Methylchlorocycloslloxani 

;  Formula 

1  Temperature 

d,” 

B.p.  (press 
in  mm) 

5^ 

Pentamethylchlorocyclo- 

CH,  Cll, 

85.5—86.5° 

6° 

1.0231 

tetrasiloxane 

(20) 

CII,  CH, 

Hexamethyl  -1,5-dIchlofo 

CH,  CH, 

93—95  (20) 

24 

1.1251 

cyclotetrasiloxane 

Cll,  CH, 

Pentamethyl-l,3,5-trl- 

CII,  CH, 

105—106  (20) 

36 

chlorocycloteurasiloxane 

Cl\\<(/CH, 

CH,/^<^\CI 

Cl  CII, 

The  H(— Si)contents  of  the  kettle  residues  from  the  distillations  of  the  hydrolysis  products  and  the  thermally 
rearranged  products  were  0.63  and  0.84%  The  average  of  these  two  values  corresponds  almost  exactly  to  the 
value  (0.75%)  calculated  for  the  unit  (CH3)2SlOSlCH3H, 

It  can  be  concluded  from  these  experiments  that  cohydrolysis  of  these  monomers  proceeds  quite  complete¬ 
ly  and  uniformly  with  the  formation  both  of  cyclic  and  of  linear  compounds. 

The  compounds  shown  in  Table  3  were  obtained  by  chlorination  of  the  cyclic  tetramers  with  rings  com¬ 
posed  of  mixed  units. 

Chlorinated  tetramers  with  2,  3,  and  4  chlorine  atoms  are  crystalline  substances  at  20*.  The  boiling  and 
melting  points  of  the  chlorinated  tetramers  vary  directly  with  the  change  in  the  number  of  chlorine  atoms. 
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Cohydrolysis  of  dimethyldichloiosilane  and  ethyldichlorosilane  in  1:3  molar  ratio  followed  by  thermal 
rearrangement  of  the  hydrolysis  products  also  led  to  the  formation  of  two  cyclic  compounds  containing  mixed 
units.  These  compounds  and  their  chlorinated  derivatives  are  presented  in  Table  4. 

TABLE  4 


Methylethylcyclosiloxanes 


Temperature  | 

Cyclosiloxane 

Formula 

B.p.  (press, 
in  mm) 

M.p. 

Yield 
(in  %) 

l,l,3,3.5.5-Hexa- 

methyl-7-ethylcyclo- 

tetrasiloxane 

CH,  CH, 

CH,  CH, 

80°  (20) 

—36° 

1.4000 

0.9574 

9.8 

1 ,1 ,5,5-Tetramethyl- 

3,7-dlethylcyclo- 

tetrasiloxane 

CH,  CH, 

c,h/)/\h 

CH,  CH, 

88(20) 

-93 

1.404.5 

0.9644 

10.0 

l-Ethyl-l-chlorohexaJ 

ihethylcyclotetra- 

siioxane 

CH,  CH, 
CH,^\(^^C,H, 

CH,/');<^\C1 

CH,  CH, 

135-138(20) 

—38 

1.1730 

62 

1 ,5  Dlethyl-l,5-di- 
rhlorotetramethyl - 
cyclosiloxane 

CH,  CH, 

Cl\)^<|^/C,H, 

c,h/X^^' 

CH,  CH, 

126-129(1) 

-48 

_ 

1.2827 

69 

TABLE  6 

Hydroxyl  Derivatives  of  Cyclotetrasiloxanes 


Hydroxyclotetrasiloxane 

Temperati 

B.  p.  (press, 
in  mm) 

lire _ 

M  p 

1 

d” 

Pentamethylhydroxycyclotetra- 

100°  (20) 

—21° 

1.4082 

1.0478 

Hexamethyl  -1.5-dihydroxycyclo- 
tetrasiloxane 

120  (20) 
sublim* 

120 

- 

— 

1 -Ethyl  -1-hydroxyhexamethylcyclo- 
tetrasiloxane 

—36 

I.42;K) 

1.0723 

1 .5Diethyl-l,5-dihydroxytetramethyl  - 
cyclotetrasiloxane 

—5 

1.4405 

1.1711 

The  tetramer  with  one  (C2H5)HSiO  unit  was  obtained  in  9.8%  yield,  while  the  yield  of  tetramer  with  two 
such  units  was  10.2%. 

Hydrolysis  of  the  mono-  and  dichlorinated  cyclotetrasiloxanes  gave  the  hydroxyl  derivatives  (Table  5). 

All  of  these  hydroxycyclotetrasiloxanes  are  soluble  in  alcohols  as  well  as  in  gasoline  hydrocarbons  and  ben¬ 
zene. 


Conditions  for  the  hydrolysis  of  the  chloro  derivatives  of  these  tetramers  were  explored.  It  was  found  that 
only  hydroxyl  derivatives  are  obtained  in  water-ether  medium;  however,  in  strongly  acid  medium,  further  con- 
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densation  through  the  hydroxyl  groups  occurs.  The  chlorinated  derivatives  themselves  can  undergo  cohydroly¬ 
sis.  For  sample,  cohydrolysis  of  pentamethylchlorocyclotetraslloxane  with  an  excess  of  trimethylchlorosilane 
gave  pcntamethyltrimethylsiloxycyclotetrasiloxane  (A)  with  a  b.  p.  of  115-116*at  21  mm,  m.  p.— 56*.  d/® 
0.9843.  n*D  1.4020. 


(CH3), 


(CHa), 


CH 


3 


\/'''^OSi{CH3)3 

(CII3), 


(A) 


Condensation  of  pentamethylchlorocyclotetrasiioxane  through  the  hydroxyl  groups  in  acid  medium  gave 
bis(heptamethylcyclotetrasiloxanyl)oxide  (B).  with  an  m.  p.  of--36*,  d/®  1.0325,n*®D  1.4078. 


(0113)2  (0113)2 

/\  ,0113  /\ 

(OM3).,/  >/ - o - >(CH3)-. 

U  XY  \/ 

(('.II3),  (OHg). 

(B) 


EXPERIMENTAL 

129  g  of  dimethyldichlorosilane  (55.10%  Cl,  54.98%  calculated),  57  g  of  methyldichlorosilane  (61.30% 

Cl,  61.66%  calculated),  370  g  of  ice,  and  370  ml  of  ether  were  used  in  the  cohydrolysis  of  methylchlorosilanes. 
The  ether  was  added  in  two  equal  portions  to  the  methylchlorosilanes,  and  the  mixture  was  introduced  into  the 
hydrolysis  apparatus  which  already  contained  the  ice.  Hydrolysis  was  continued  for  1  hour.  A  temperature  of 
—4  to  4*  was  maintained  during  the  hydrolysis  by  cooling  the  reaction  flask.  A  total  of  1860  g  of  methylchloro¬ 
silanes  was  hydrolyzed,  from  which  was  obtained  1065  g  of  hydrolysis  products.  435  g  of  volatiles  was  obtained 
by  distillation  at  20-70*  and  1  mm,  and  these  products  were  fractionated  in  a  column  of  18  theoretical  plates. 
The  kettle  product  from  the  hydrolysis  products  (628  g)  was  cracked  at  300-360*  in  a  stream  of  nitrogen.  The 
nitrogen  was  freed  from  oxygen  by  passage  through  a  tube  containing  freshly  reduced  copper  at  400*.  The  585 
g  of  liquid  products  obtained  from  the  thermal  cracking  was  fractionated. 

7.5,  60,  and  100  g.  respectively,  of  penta-,  hexa-,  and  heptamethylcyclotetrasiloxanes  were  chlorinated, 
and  9,,  62,  and  83  g,  respectively,  were  obtained  after  distillation  of  the  products.  Heptamethylchlorocyclotet- 
rasiloxane  was  separated  in  a  fractionation  column.  The  hexa-  and  pentamethylchlorocyclotetrasiloxanes  were 
separated  by  distillation  from  a  Wurtz  flask.  The  analytical  results  are  presented  in  Table  6. 

Methylethylcyclosiloxanes  were  prepared  similarly  by  cohydrolysis  of  330  g  of  C2H5SiHCl2  and  1000  g 
of  (CIl3)2SiCl2.  From  480  g  of  thermally  cracked  product  were  obtained: 

1.1.3.3.5.5- Hexamethyl-7-ethylcyclotetrasiloxane  (47  g). 

Found  H(-Si)  0.3Q:  C  32.36;  H  8.14.  M  295;  MR  74.97.  €,112^45^.  Calculated  %:  H(-Si)  0.34;  C 
32.42;  H  8.11.  M  296;  MR  74.82. 

1.1.5.5- Tetramethyl-3,7-diethylcyclotetrasiloxane  (49  g). 

Found  %:  H(-Si)  0.65;  C  32.65;  H  8.02.  M  289;  MR  75.33.  0,112404814.  Calculated  %;  H(-Si)  0.67;  C 
32.42;  H  8.11.  M  296;  MR  75.08. 

Chlorination  of  these  compounds  gave: 

1  -E  thy  1  - 1  -ch  lorohe  xa  nx:  thy  Icy  clotetrasiloxane . 

Found  %:  Cl  11.30.  C8H2P4ClSi4.  Calculated  %:  Cl  11.21. 
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l.5-Diethyl-l,f)-dichlorotetramethylcyclotetrasiloxane. 

Found  "/o;  Cl  20.40.  C8H2204Cl2Si4.  Calculated  Cl  19,45. 

The  chlorides  were  diluted  with  a  4-fold  amount  of  ether  and  hydrolyzed  at  temperatures  of  —2  to  +2*  to 
obtain  the  hydroxyl  derivatives. 

Pentamethylhydroxycyclotetrasiloxane. 

Found  7o:  OH  5.65,  5.87.  MR  70.19.  C7H2205Si4.  Calculated  7o:  OH  5.70,  MR  70.47. 


TABLE  6 

Results  of  Analyses  of  the  Alkylcyclosiloxanes 


0/ 

/o 

c 

•/« 

11 

1  »/.  H  (-Sl)| 

1  %  SI  1 

M  1 

1  MR 

Cyclosiloxane 

*o 

3 

T> 

§ 

3-0 

T5 

§ 

1 

T3 

§ 

•o 

§ 

3 -8 

I'S 

o 

a. 

BS 

O 

uis 

o 

tl. 

[,j.2 

o 

_u. 

O 

(1. 

Pentamethylcyclotetra- 

23.89 

23.59 

7.15 

7,12 

1.10 

1.10 

43.9,5 

'•4.1 1 

260 

254 

62.13 

61.45 

slloxane 

Hexamethylcyclotetra  - 

26.83 

26.83 

7.53 

7.51 

0.75 

0.75 

41.77 

41.81 

264 

268 

66.18 

65.82 

slloxane 

Heptamethylcyclotetra- 

siloxane 

30.06 

29.81 

7.78 

7.86 

0.40 

0.36 

39.68 

39.80 

276 

282 

70.78 

70.19 

Heptamethylchloro- 

cyclotetraslloxane 

26.88 

26.54 

6.43 

6.63 

11.26 

11.22 

35.30 

35.40 

316 

316.5 

— 

— 

Hexamethyldlchloro- 

cyclotetraslloxane 

21.13 

21.36 

5.26 

5.37 

21.00 

21.01 

33.35 

33.26 

332 

337 

— 

— 

Pentamethyltrichloro- 

cyclotetrasiloxane 

16.39 

16.78 

4.50 

4.22 

j 

29.84 

29,74 

363 

358- 

Hexamethyl-l,5-dihydroxycyclotetrasiloxane. 

Found  7o:  OH  11.20,  11.38.  C6H2o06Si4.  Calculated  7>:  OH  11.32. 

1 -Ethyl -l-hydroxyhexamethylcyclotetrasiloxane. 

Found  7o;  OH  5.64.  MR  75.20.  CgH2405Si4.  Calculated  7o:  OH  5.75.  MR  75.10. 

1, 5  -Die  thy  1-1,5-  dihydroxyte  trame  thylcyclote  trasiloxane . 

Found  7o:  OH  9.80,  9.84,  MR  73.88.  C8H2P6Si4.  Calculated  7o:  OH  10.36.  MR  75.64. 

Heptarnethyltrimethylsiloxycyclotetrasiloxane  was  prepared  by  cohydrolysis  of  31.6  g  of  heptamethyl- 
chlorocyclotetrasiloxane  with  108.6  g  of  trimethylchlorosilane.  Fractionation  gave  13  g  of  a  substance  which, 
in  spite  of  a  second  distillation,  showed  a  deviation  in  the  MR  value. 

Found  Si  37.60;  C  31.95;  H  8.01.  M  359;  MR  91.67.  CjoHsoOgSig.  Calculated  7o:  Si  37.82;  C  32.40; 

H  8.16.  M  370.6;  MR  93.20. 

Bis(heptamethylcyclotetrasiloxanyl)oxide  was  prepared  in  a  yield  of  85.47o. 

Found  7>:  C  29.57;  H  7.32.  MR  138.04.  Ci4H4209Si8.  Calculated  7o:  C  29.06;  H  7.26.  MR  137.48. 

SUMMA  RY 

1.  14  alkylcyclotetrasiloxanes,  containing  H,  Cl,  and  OH  on  the  silicon  atoms,  were  obtained  from  the 
products  of  the  cohydrolysis  of  dimethyldichlorosilane  with  methyl-  and  ethyldichlorosilane. 

2.  Heptametliyltrimethylslloxycyclotetrasiloxane  and  bis(heptamethylcyclotetrasiloxanyl)oxlde  were  syn 
thesized. 
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INVESTIGATIONS  IN  THE  FIELD  OF  O  RG  A  NO  C  Y  CLOS  ILOX  A  NE  S 
VI.  RING  FORMATION  DURING  COHYDROLYSIS  OF  ALKYLDI-  AND  TRICHLOROSILANES 


N .  N.  Sokolov 

All-Union  Electrotechnical  Institute 


The  extremely  Important,  in  a  practical  sense,  cohydrolysis  of  monomers  with  functionalities  of  2  and 
3  has  received  almost  no  study  at  all  from  the  point  of  view  of  theory.  The  difficulties  involved  in  such  a  study 
are  quite  understandable,  since  products  of  three-dimensional  condensation  are  obtained.  In  view  of  the  great 
tendency  of  organosilicon  compounds  toward  cyclization  during  hydrolysis,  the  formation  of  linear  structures 
with  cyclic  units  during  cohydrolysis,  of  monomers  with  functionalities  of  2  and  3  undoubtedly  occurs. 

Both  during  hydrolysis  of  trifunctional  monomers  alone, and  during  cohydrolysis,of  monomers  with  func¬ 
tionalities  of  2  and  3,  the  amount  of  residual  hydroxyl  groups  is  found  to  lie  within  the  limits  of  1  to  V]o.  More¬ 
over,  the  hydrolysis  products  remain  soluble  and  fusible.  This  circumstance  can  be  explained  only  on  the  basis 
that  the  trifunctional  component  enters  into  the  ring  structures;  otherwise,  three-dimensional  Infusible  and  In¬ 
soluble  polymers  would  be  formed. 

It  was  previously  proposed  [1]  that  the  mechanism  of  the  action  of  the  majority  of  catalysts  on  the  curing 
of  such  polymers  is  based  on  reactions  in  which  the  rings  present  in  the  hydrolysis  products  are  polymerized.  A 
study  of  the  increase  in  the  viscosity  in  the  presence  of  NaOH  of  resins  prepared  from  dimethyldichloro-  and 
phenyltrlchlorosilanes  showed  that  the  hydrolysis  products  contain  a  three-ring  linear  structure  [2]. 

Fromberg  came  to  this  same  conclusion  [3]  on  the  basis  of  determinations  of  the  rate  of  gel  formation  of 
resins  prepared  from  methyltrichloro-,  dimethyldichloro-,  and  phenyltrlchlorosilanes.  The  authors  of  the  papers 
cited  above  consider  that,  under  the  action  of  the  catalysts,  polymerization  of  the  rings  occurs  with  subsequent 
formation  of  macrorings  or  cross-linked  chains. 

In  studying  the  structure  of  polymers  with  functionalities  of  2  and  3,  we  undertook  the  cohydrolysis  of 
the  previously  synthesized  [4]  hexamethyl-1.5-dichlorocyclotetrasiloxane  with  dimethyldlchlorosilane  in  order 
to  obtain  ring -containing  linear  structures  and  to  compare  them  witli  the  products  of  the  cohydrolysis  of  methyl- 
trichlorosilane  and  dimethyldlchlorosilane.  Tlie  cohydrolyses  were  carried  out  at  the  different  mole  ratios  in¬ 
dicated  in  Table  1.  The  hydrolysis  products  were  polymerized  with  4%  of  a  507o  aqueous  solution  of  KOH  at  21"; 
the  reaction  mixture  was  stirred  during  the  polymerization.  The  experiments  were  continued  to  gel  formation. 
The  Instant  of  gel  formation  can  be  sharply  fixed  within  the  limits  of  5-10  seconds. 

In  order  to  obtain  specific  ring-containing  linear  structures,  parallel  reactions  were  carried  out  in  which 
(CH3)2SiCl2  was  cohydrolyzed  with  hexamethyl-l,5-dichlorocyclotetrasiloxane,  and  the  hydrolysis  products 
were  polymerized  under  the  same  conditions.  It  was  not  possible  to  obtain  hydrolysis  products  in  which  the  ra¬ 
tio  CHjSiClsrfCHsjjSiC^  was  greater  than  1:0.667,  since  the  hydrolysis  products  were  partially  gelled  even  when 
two  volumes  of  toluene  were  introduced  into  the  reaction  medium. 

In  calculating  the  ratios  of  RSi-^to  RjSi^,  use  was  made  of  the  fact  that  the  product  of  the  hydrolysis  of 
hexamethyl-l,5-dichlorocyclotetrasiloxane  can  be  considered  as  the  product  of  the  cohydrolysis  of  2  molecules 
of  RjSiClj  and  2  molecules  of  RSiCls: 
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(GHg), 


Cll;,  oils 

I  III 

j  2(:i_si-Gi  — 

I  I 

ClI.,  Cl 


Si 


,o 


\ 


Si<'  >Si<' 

r.w/  ^iK  xr'  0 
SK 
I 

(CHa), 


90.5 


'0.5 


In  either  case,  two  RjSi  units  and  two  silsesquioxane  units,  RSi  ”*00.5.  obtained. 


O0.5 


O0.5 


At  a  ratio  of,  for  example,  1  mole  of  dimethyldichlorosilane  to  1  mole  of  hexamethyl-l,5-dichlorocyc- 
lotetrasiloxane  we  obtained  the  following  linear  polymer  (a  square  denotes  an  (Si~0)^  ting: 


CH, 


HoC 


,  (GH3)- 


„  p  (GHa). 

.  GH3  »3G  I 

I  /\  I  I /v 

\  s, 

I  GIU 


Cil, 


CIK 


(GH3)2 


I  GH3 

{(’113)2 


The  same  polymer  with  a  ratio  of  RSi  to  RjSi^^of  0.667  is  obtained  (theoretically)  during  hydrolysis  of 
1.5  moles  of  dimethyldichlorosilane  with  1  mole  of  methyltrichlorosilane. 

The  poly(hexamethylcyclotetra)siloxane  obtained  by  hydrolysis  of  hexamethyl-l,5-dichlorocyclotetra- 
siloxane  has  a  ratio  of  RSi^to  RjSiC^of  1. 


H,C 


(GH3).. 


\/l 


1—0- 


CH, 


(GH3)2 


Considering  the  cohydrolysis  data  (Table  1),  it  can  be  seen  that  the  product  of  the  hydrolysis  of  dimethyl¬ 
dichlorosilane  alone  had  not  formed  a  gel  after  more  than  two  days.  The  product  of  the  cohydrolysis  of  1  mole 
of  hexamethyl-l,5-dichlorocyclotetraslloxane  with  50  moles  of  dimethyldichlorosilane  polymerized  in  245  min¬ 
utes.  The  gel-formation  time  decreased  sharply  when  the  component  ratio  was  1:10,  and  it  reached  a  minimum 
(4  minutes)  at  a  ratio  of  1:1.  Poly(hexamethylcyclotetra)siloxane  formed  a  gel  in  twice  the  time,  8  minutes, 
probably  owing  to  steric  hindrance. 

Analysis  of  the  products  of  the  hydrolysis  of  dimethyldichlorosilane  with  methyltrichlorosilane  and  with 
hexamethyl-l,5-dichlorocyclotetrasiloxane  at  a  ratio  of  RSi^to  RjSiC^of  0.286  showed  that  the  OH-group  con¬ 
tent  was,  respectively,  1.57  and  1.08%.  However,  treatment  of  these  two  hydrolysis  products  with  4%  of  concen¬ 
trated  hydrochloric  acid  not  only  did  not  lead  to  gel  formation,  but  did  not  even  increase  the  viscosity  during  a 
treatment  time  10  times  longer  than  in  the  case  when  KOH  was  used.  This  experiment  conclusively  showed  that 
the  cause  of  gel  formation  is  rupture  of  the  rings  during  polymerization;  HCl  is  a  good  condensation  catalyst  for 
hydroxysilanes,  but  is  not  a  catalyst  for  the  polymerization  of  rings. 

A  rapid  decrease  in  the  gel -formation  time  with  an  increase  in  the  portion  of  CHsSiCls  was  found  for  prod¬ 
ucts  of  the  hydrolysis  of  (CHsljSiClj  and  CHsSiCls.  The  figure  clearly  shows  that,  in  this  case,  gel  formation 
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proceeds  with  the  same  regularity,  but  sets  in  more  slowly  than  in  the  case  of  the  products  of  the  hydrolysis  with 
hexamethyl-l,5-dichloiocyclotetrasiloxane. 

In  general,  rings  with  silsesquioxane  units  readily  undergo  polymerization.  This  can  be  shown  using  the 
three  cyclic  compounds  as  an  example  (Table  2). 


TABLE  1 

Polymerization  of  Cohydrolysis  Products  with  a  Functionality  of  2  and  3 


Monomers  (in  moles) 

Time  of  gel 
formation  from 
stajt  of  reaction 
(minutes) 

Dimethyl 

chloro- 

silane 

t/> 

Hexa- 

milf- 

oxane 

Moles 

RSl^  R,S|/ 

1.5 

1 

0 

0.667 

1.4150 

4.3 

2.5 

1 

0 

O.^iOO 

1.4109 

24 

3.5 

1 

0 

0.286 

1.4088 

54 

5.5 

1 

0 

0.182 

1.4075 

95 

7.5 

1 

0 

0.133 

1.4070 

201 

8 

1 

0 

0.125 

1.4068 

2i)8 

1 

0 

0 

0.0 

1.4022 

'18  hours 

0 

0 

1 

1.0 

1.4160 

8 

1 

0 

1 

0.667 

1.4158 

4 

.3 

0 

1 

0.400 

1.4117 

6.5 

5 

0 

1 

0.286 

1.4100 

14 

10 

0 

1 

0.167 

1.4079 

18 

20 

0 

1 

0.091 

1.4050 

56 

;«) 

0 

1 

0.062 

1.4041 

72 

50 

2 

0 

1 

0.038 

1.4039 

245 

The  Effect  of  Silsesquioxane  Units  on  Polymerization  Rate 


Cyclic  tetramer 

Conventional  formula 

d.“ 

n/" 

Melting 

point 

Time  of 
polymetiza- 
Lion  to  gel 

Octamethylcyclo- 

tetrasiloxane 

/\ 

0.9558 

1.3968 

17.4® 

>60days 

Bis(heptamethylcyclo 

tetraslloxane 

1.0352 

1.4078 

-36 

62  hours 

Poly(hexamcthyl- 

cyclotetra)slloxane 

[•■■<>-<'■•0. 

1.1277 

1.4160 

-0 

8  minutes 

The  lag  in  rate  of  gel  formation  of  polymers  based  on  CHsSiCls  is  completely  clear.  In  this  case,  all  three 
trifunctional  groups  do  not  participate  in  the  formation  of  rings;  part  of  these  groups  form  branched  or  cross-link¬ 
ed  structures.  In  this  connection,  the  number  of  dimethyldichlorosilane  molecules  entering  into  the  composition 
of  the  linear  portion  of  the  polymer  and  of  the  dimethylcyclosiloxane  rings  is  increased.  But  neither  branched 
nor  closed  cyclic  compounds  are  polymerized  by  the  action  of  A^o  of  KOH  at  21*. 

The  refractive  indices  of  both  types  of  hydrolysis  products  are  very  characteristic.  When  methyltrichloro- 
silane  is  one  of  the  components,  the  index  of  refraction  is  somewhat  lower,  but  the  values  ofn*°D  are  compar¬ 
able,  showing  that  the  structures  of  these  two  types  of  compounds  are  similar. 
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The  refractive  index  of  octamethylcyclotetrasiloxane,  which  is  the  most  easily  formed  during  hydrolysis, 
is  1.3968,  that  of  linear  dimethylpolyslloxanes  is  1.4044,  and  that  of  the  product  of  the  hydrolysis. of  dlmethyl- 

dlchlorosilane  is  1.4022.  The  increase  in  n*‘’D  to  1.4150- 
1.4160  in  Cohydrolyzed  polymers  is  a  consequence  of  the 
large  number  of  silsesquioxane  units. 

Analyzing  all  of  these  data,  we  are  led  to  the  con¬ 
clusion  tliat  cyclic  structures  with  silsesquioxane  units  are 
formed  during  the  process  of  cohydrolysis  of  dlmethyldi- 
and  methyltri-chlorosilanes.  With  a  high  content  of  the 
trifunctional  component,  these  rings  are  probably  tetramers 
of  the  type 

H3C 


Time  vs  gel  formation  of  hydrolysis  products  of 
dimethyldichlorosilane  with  methyltrichloro- 
silane  (1)  and  with  hexamethyl-l,5-cyclotetra- 
siloxane  (2). 


CH, 

l/\  ' 

-0-x  >j — o— Si-o- 
\/l  I 

I  CH3  GH3 
(Cll3)2 


or  possibly  are  partially  trlmers,  pentamers,  and  hexamers. 
The  higher  rings  should  rupture  with  difficulty. 


With  a  lower  content  of  the  trifunctional  component,  the  formation  of  blocking  rings  is  possible. 


(Cll3)2 


CII. 


(Cll3)2- 


_0— Si— O— 


I 

(CH3)., 


CH, 


With  a  decrease  in  the  functionality  of  the  hydrolyzing  system,  macrorings  and,  in  even  greater  amount, 
branched  stmctures  and  closed  cyclic  compounds  of  the  type  (RjSiO^h  formed  owing  to  hydrolysis  of  one  di¬ 
functional  component.  There  is  also  the  possibility  of  the  formation  of  individual  condensed  cyclic  compounds 
of  the  type  isolated  by  Scott  [5],  for  example,  with  subsequent  polymerization  of  these  compounds. 

The  occurrence  of  polymerization  of  rings  to  linear  systems  containing  rings  is  also  confirmed  by  the  case 
in  which  the  silicon  atom  carries  an  ethyl  radical.  Cohydrolysis  of  5  moles  of  dimethyldichlorosilane  with  1 
mole  of  l,5-diethyl-l,5-dichlorotetramethylcyclotetrasiloxane  [4]  gave  a  polymer  with  the  stmctural  unit 


H.sC2  ^^"3)2 


CII3  I  CH3 

•  I 

- O— Si - O - — O— Si— O - 

I  \/|  I 

GH3  I  G2H5  GH3 

(GH3)2 


This  polymer  formed  a  gel  in  11  minutes. 

EXPERIMENTAL 

The  cohydrolysis  was  carried  out  with  three  parts  of  water  and  two  parts  of  toluene  at  20-25*.  The  tol¬ 
uene  was  distilled  in  a  fractionation  column.  A  control  analysis  was  carried  out  on  the  products  of  the  hydrol¬ 
ysis  of  CHsSiClj  with  (CH3)2SiClj  at  a  mole  ratio  of  0.400. 

Found  C  28.21;  H  7.14.  CuHjgOgSiy.  Calculated  °Joi  C  28.57;  H  7.14. 
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In  tlie  case  of  the  hydrolysis  of  hexaTnethyl-l,5-dichlorocyclotetrasiloxane  and  (CHs)2SlClj  at  this  same 
ratio,  0.400,  analysis  gave.  In  H,  6.99|  C,  28.33. 

The  polymerization  experiments  were  carried  out  with  5  g  of  hydrolysis  products;  stirring  was  at  the  rate 
of  315  revolutions  per  minute.  Experiments  lasting  more  than  a  day  were  carried  out  with  KOH  dissolved  in 
Isobutyl  alcohol.  A  control  experiment  with  the  product  of  the  hydrolysis  of  0.400  mole  of  methyltrichlorosilane 
gave  a  gel  time  of  27  minutes  instead  of  24  minutes;  1.  e.,  the  time  was  increased  by  11.25%  when  isobutyl  al¬ 
cohol  was  used. 

SUMMARY 

1.  Complex  ring -containing  linear  structiues  with  silsesquioxane*  units  are  formed  during  cohydrolysis 
of  alkylchlorosilanes  with  functionalities  of  2  and  3. 

2.  Silsesquioxane  units  in  alkylcyclosiloxanes  polymerize  more  rapidly  than  siloxane  units. 
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INVESTIGATIONS  IN  THE  FIELD  OF  ORG  A  NOG  YCLOSILOX  A  NES 
VII.  CYCLIZATION  DURING  THE  HYDROLYSIS  OF  ALKYLCHLOROSILOXANES 

N .  N  .  Sokolov 

All-Union  Electrotechnical  Institute 


Alkylsiloxanes  with  functional  groups,  in  particular,  those  with  mixed  members, can  be  synthesized  by  the 
method  of  heterofunctional  polycondensation  [1]. 

Alkylsiloxanes  with  functional  groups  can  be  used  for  the  synthesis  of  new  compounds.  In  addition,  the 
hydrolysis  of  alkylsiloxanes,  either  completely  or  to  the  stage  in  which  hydtoxysilanes  are  obtained,  is  of  interest 
for  the  investigation  of  the  mechanism  of  the  hydrolysis  as  a  whole  and,  in  particular,  for  determining  the  degree 
of  cyclization  during  hydrolysis. 

Alkyl -a,  cu-dichlorosiloxanes  can  be  used  for  obtaining  the  corresponding  dihydroxysiloxanes.  The  hydrol¬ 
ysis  is  best  carried  out  with  cooling  to  -5*  in  diethyl  ether,  chlorosilane  being  poured  rapidly  into  a  solution  of 
caustic  soda  [2]. 

Hydroxy  derivatives  of  the  series  HO(-Si(CH3)p-)2_5H]  were  obtained  from  alkyl-a,w-dichlorosilanes 
by  hydrolysis  under  the  above-mentioned  conditions;  the  properties  of  these  derivatives  are  given  in  Table  1. 


TABLE  1 

Alkyldihydroxysiloxanes  HOi-SifCHjljO-lj.jH 


Alkyldihydroxysiloxanes 

Formula 

Melting 

point 

H 

Yield 

m 

Tetramethyl-l,3-di- 

CH, 

67° 

88 

hydroxydisiloxane 

iiol 

— .‘llO— 

1>' 

dll, 

Hexamethyl-l,5-dl- 

hydroxyirislloxane 

r 

cn, 

1 

—2.3 

o.'.i'.isn 

l.'iOilO 

74 

HO 

L 

-S10  - 

It 

Cll, 

.Jn 

Octamelhyl-l,7-dlhydro- 

ClI, 

-5 

0.0881 

1.4088 

76 

xytetrasiloxane 

Ho| 

1 

— sto- 

]" 

CII, 

Decamethyl-l,9-di- 

CII, 

—43 

0.9807 

l.408() 

55 

hydroxypentasiloxane 

iiof 

-dio- 

l» 

1. 

dll. 

J. 

i 

1 

Tetramethyl-l,3-dihydroxydisiloxane  was  obtained  previously  by  other  methods  [3,  4].  The  solubility  of 
tetramethyl-l,3-dihydroxysiloxane  in  water  was  found  to  be  11.5  g  per  100  g  of  water  at  20*,  283  g  in  ethyl  al- 
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cohol,  161  g  In  dioxane  and  156  g  In  ethylene  glycol.  Hexamethyl-l,5-dlhydroxytrlslloxane  and  the  higher  hy- 
droxyslloxanes  of  this  series  are  insoluble  in  water  but  dissolve  in  gasoline,  benzene  and  toluene. 

Like  the  hydrolysis  of  dimethyldichlorosilane.  the  hydrolysis  of  dimethyl-a.cj-dichlorDsiloxanes  in  an  acid 
medium  gives  (Table  2)  approximately  50^  linear  and  50%  cyclic  compounds  (volatile  at  200*).  Hexamethyl- 
1,5-dichloiotrisiloxane,  which  gave  only  12%  cyclic  compounds,  was  an  exception. 

The  hydrolysis  of  the  same  compounds  dissolved  in  three  parts  of  ether  results  in  almost  complete  cycllza- 
tion  (Table  2).  In  other  words,  50-63%  of  the  initial  difunctional  molecules  with  3,  4  or  5  silicon  atoms  undergo 
intramolecular  condensation  with  the  formation  of  cyclic  compounds,  while  the  remaining  amount  forms  higher 
cyclic  compounds  during  this  process. 


TABLE  2 

Composition  of  the  Hydrolysis  Products  of  Dimethyl -a, (j-Dichloroslloxanes 


1  Number  of  cyclic  comps,  as  a  result  of  hydrolysis  (%) 

1  In  ethereal  solution 

Compound  hydrolyzed 

In  water 

Total 

Composition 

Tetramethyl-l,3-dichlorodi- 

siloxane 

50 

95 

Tetramer  57.Hexamer  6.5, 
Oc  tamer  H 

Hexamethyl-l,5-dichloro- 

trisiloxane 

12 

96 

Trimer  62.  Hexamer 

Oc  tamethyl  - 1 , 7  -dichloro  - 
tetrasiloxane 

64 

96 

Tetramer  63,  octamer 

Decamethyl-l,9-dichloro- 

pentasiloxane 

50 

89 

Pentamer  ~50,  Decamer 

The  hydroxy  derivatives  can  be  obtained  comparatively  easily  by  the  hydrolysis  of  other  alkyl chlorosil- 
oxanes.  For  example,  the  hydrolysis  of  octamethyl-3,5-dichlorotetrasiloxane  gives  a  75%  yield  of  octamethyl- 
3,5-dihydroxytetrasiloxane,  with  an  m.  p.  of  -27*.  n*®D  1.4074,  0.9982. 

CH3  CH3 

I  I 

((’,113)381— 0— Si— O-Si-0— Si  (CH3)3 

I  I 

OH  OH 

The  hydrolysis  of  alkyl-a,(j-dichlorosiloxanes  in  an  acid  medium  gives  a  possibility  of  obtaining  cyclic 
compounds  with  identical  or  mixed  members.  The  hydrolysis  is  carried  out  with  two  parts  of  water  and  two 
parts  of  ethyl  ether.  The  alkylcyclosiloxanes  obtained  are  given  in  Table  3. 

An  examination  of  the  data  of  Table  3  shows  that  cyclic  tetramers  may  be  obtained  from  the  hydrolysis 
products  of  dichlorodisiloxanes,  while  cyclic  hexamers  may  be  obtained  from  the  hydrolysis  of  dichlorotrisil- 
oxanes.  Exceptions  are:  1,1,3-trimethyldichlorodisiloxane,  which  gave  a  trimer  (III)  and  a  hexamer  (IV)  as  a 
result  of  hydrolysis,  and  l,l,3,3-tetramethyl-5,5-diethyldichlototrisiloxane  which  gave  a  trimer  (IX)  when  hy¬ 
drolyzed.  We  did  not  succeed  in  isolating  the  higher  cyclic  compounds  but  they  were  found  to  be  present  in  an 
amount  of  8-30%  in  all  cases  by  a  volatility  test  (at  200*  in  a  box). 

The  presence  of  ethyl  radicals  favors  cyclization  to  a  greater  extent  than  the  presence  of  methyl  radicals 
or  hydrogen  near  the  silicon  atom;  this  is  evident  from  the  yields  obtained  by  hydrolysis. 

The  characteristics  of  the  alkylcyclosiloxanes  obtained,  of  which  (HI)  -(IX)  were  prepared  for  the  first 
time,  are  given  in  Table  4. 

As  regards  their  properties, the  cyclic  compounds  obtained  agree  with  already-known  cyclic  compounds 
containing  the  same  members  at  the  silicon  atom. 
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TABLE  3 


Alkylcyrlosiloxanes  Obtained  by  the  Hydrolysis  of  Alkylchlorosiloxanes 


Compounds  hydrolyzed 

A|k^lc^gloslloxanes 

Formula 

Yield 

m 

ni,  CM, 

1  1 

Tetraniethylcyclo- 

tetrasfloxAne 

CH, 

r  1 

32.0 

i'lSI-M-SlCI 

(I) 

[-Sl-oj^ 

II  u 

H 

CM,  CM,  CM, 

•  1  i 

CISI-O-SI-O-SICl 

(FI) 

Hexamethylcyclo- 

hexasiloxane 

CH, 

11.4 

1  1  1 

II  H  H 

H 

CH,  cn. 

1,1.3,5,5,7«exa- 

CH,  CH, 

21.2 

1  1 

Cisi-O— SlCl 

1  1 

(III) 

methylcyclotetra  - 
slloxane 

P-SI-O-SI-O  j 

CM,  II 

CH,  H 

CM,  CM, 

1, ‘1,3, 5, 5.7, 9, 9, 11- 

CH,  CH, 

5.5 

ClSI— O-SICl 
t  1 

(FV) 

Nonamethylcyclo- 

hexaslloxaiie 

-SI-O-SI-0 

1  1  1  ', 

CM,  11 

CII,  H 

CM,  CIl,  CII, 

1.1.3,5,7.7.9,11- 

CH,  CH,  CH,  _ 

18.4 

1  1  1 

C|SI-0-Si-0_SICI 

1  1  1 

(Vl 

Octamethylcyclo- 

hexasiloxine 

f-SI-O— SI-O-SI-0  I 

LI  1  1  Jt 

CH,  H  11 

CH,  H  H 

CM, 

1 ,1 ,5,.5-Tetraniethy! 

C,H.  CH, 

f-ii-o-si-ol 

39.5 

CIS!  -O-SICI 

(VI) 

3,3,7,7-tetraethyl- 

1  1 

C,M,  CM, 

cyclotetrasiloxane 

Li  I  J. 

C,H,  CH 

C,H,  CH, 

1 , 1 ,5.5-Tetramethyl 

C,H,  CH, 

48.4 

cisi-()-.sjri 

1  1 

(VII) 

3,7-dlethylcyclo- 

retrasiloxane 

-SI-O-SI-O 

H  CH, 

H  CH, 

CM,  C,n,  C,H, 

1,1,7.7-Tetramethyl 

CH,  C,H,  C,H, 
f-.si-O-SI-O-^l-ol 

L  1  1  1  Ji 

10.4 

1  1  1 

CISI-O- SI- O-SlCI 

1  1  1 

(VFII) 

3,5,9,11-tetraethyl’ 

cyclohexasiloxane 

CH,  H  H 

Lfils  It  11 

CM,  CH,  C,H, 

1  1  1 

CISI-  O- SI— O—SICI 

1  1  1 

(IX) 

1.1 .3.3-  Tetramethyl 

dlethylcyclotri- 

siloxane 

.  CH,  CH,  C.H. 

1  1  1 

r  fsl-O-SI-O-si -0 -1 

1  1  1 

41.8 

CII,  CM.  C.H. 

CH,  CH,  C,H, 

TABLE  4 

Characteristics  of  Alkylcyclosiloxanes 


Alkyl- 

cyclosll- 

oxanes 

Boiling  point 
(pressure  in 
mm) 

Melting 

point 

d,” 

MU 

Found 

Calculated 

(I) 

1.34°  (7.50) 

1 .3872 

_ 

_ 

(II) 

17  (2) 

— 

1..3942 

— 

— 

— 

(III) 

.57  (IS) 

— 4(r 

1.3930 

0.9680 

65.88 

65.82 

(IV) 

69  (0..5) 

-78 

1.,3980 

0.97.54 

99.44 

98.73 

(V) 

70—72  (6) 

—95 

1 .3965 

0.9961 

93.72 

94.36 

(VI) 

75  (0.5) 

—68 

1.41.55 

0.9573 

92.17 

93.08 

(VII) 

68-70  (6) 

— SS 

1 .40.5.5 

0.9596 

75.68 

75.08 

(VIII) 

72—73  (6) 

-52 

1.4115 

0.9821 

112.36 

112.88 

(IX) 

56(6) 

—8 

1.4071 

0.9583 

64.23 

6.5.18 
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At  20*  all  the  compounds  obtained  are  transparent  liquids,  polymerized  with  varying  degreees  of  rapidity 
by  sulfuric  acid  with  rupture  of  the  rings. 

An  attempt  was  made  to  synthesize  tetramethyl-l,3-dlamlnodlslloxane  by  the  ammonolysls  of  tetrameth- 
yl  -1.3  -dlchlorodlslloxane . 

However,  In  spite  of  the  mild  conditions  of  the  experiment  (reaction  temperature  -71*.  liquid  ammonia, 
dilution  with  ether)  a  65.5%  yield  of  bis  (  tetramethyldlsllanamlne)-cyclodloxlde  (X)  was  obtained  Instead  of 
the  expected  substance. 

dig  CHg 

I  I 

n,G— Si— O— Si— Gllg 

‘  I  I 

NH  Nil 

HgG— ii— O— Si— GH3 

I  I 

GHg  GH3 
(X) 

This  heterocyclic  compound  has  anew  Interesting  feature:  the  slloxane  bonds  alternate  with  silamlne  bonds. 
The  cyclodioxide  has  an  m.  p.  of  40*  and  a  b.  p.  of  106-107*  at  23  mm;  it  crystallizes  as  prisms  or  needles.  It 
Is  soluble  In  ether,  gasoline,  benzene,  acetone,  alcohol,  dlchloroethane,  chlorobenzene,  carbon  tetrachloride  and 
ethyl  Cellosolve.  It  may  be  kept  In  a  sealed  flask  without  decomposition  for  more  than  a  year.  It  Is  insoluble 
and  stable  In  water  and  a  2.5  N  solution  of  NaOH.  It  Is  slowly  decomposed  by  1  N  acetic  acid  and  rapidly  de¬ 
composed  by  1  N  hydrochloric  acid.  The  result  of  the  reaction  with  HCl  Is  the  formation  of  dlmethylpolysll- 
oxancs,  with  n^D  1.4040.  The  high  degree  of  the  latter  Is  evidently  caused  by  the  blocking  action  of  the  amino 
groups  during  hydrolysis  In  a  solution  of  HCl. 

Similarly,  a  yield  of  44%  of  bIs(dlmethyldlethyldisilanamlne)-cyclodloxlde  (XI)  was  obtained  from  1,1- 
dlmethyl-3,3-diethyldIchlorodisIloxane; 

GHg  G2H5 

I  ■  I 

llaG-Si-O— Si— Galls 

I  I 

NH  NH 

I  I 

IIsG,— Si— O— Si— GM3 

I  I 

G2H5  GHg 

(XI) 

the  b.  p.  was  70*  at  0.5  mm,  the  m.  p.  was  <  20*,  n*®D  1.4308.  Its  properties  are  roughly  the  same  as  those  of 
the  previous  ring. 

EXPERIMENTAL 

The  preparation  of  dimethyl dihydroxysiloxanes  was  carried  out  by  the  hydrolysis  of  15  g  of  the  correspond¬ 
ing  dimethyldichlorosiloxanes  In  ether  (10-fold  amount).  The  theoretical  amount  of  caustic  soda  was  used  for 

neutralizing  the  hydrolyzate.  The  neutral  hydrolyzate  was  dried  with  potash  or  was  filtered  5-6  times  through 
filter  paper  to  dry  it.  The  ether  was  distilled  off  under  vacuum. 

Tetramethyl-l,3-dlhydroxydisiloxane. 

Found  %:  OH  20.40,  20.51.  C4Hi20Si(0H)2.  Calculated  %:  OH  20.50. 

Hexamethyl  - 1 ,5  -dihydroxytrisiloxane . 

Found  %:  OH  15.35,  14.86.  MR  59.60.  CgHu02Sig(0H)2.  Calculated  %;  OH  15.00.  MR  59.80. 

Octa  me  th y  I  - 1 , 7  - dihy  d roxy te  trasllo xa  ne . 

Found  %:  OH  9.53,  9.87.  MR  78.30.  CjH240sSl4(OH)2.  Calculated  %:  OH  10.82.  MR  78.58. 


5  g  of  tctramethylcyclotetrasiloxane  (I)  (n*®D  1,3872,  according  to  data  [5]  1.3870)  was  obtained  by  the 
hydrolysis  of  22  g  of  1,3-ditnethyl-  1.3-dichlorotrisfloxane. 

Found  "A:  H( -Si)  1.61.  C4Hij04(SiH)4.  Calculated  H( -Si)  1.68. 

5  g  of  hcxamcthylcyclohexasiloxane  (II)  (n*®D  1.3942,  according  to  data  [5]  1.3870)  was  obtained  by  the 
hydrolysis  of  45  g  of  1,3,5-tritnethyl-  1,5-dichlorotrIsiloxane. 

Found  H(-Si)  1.62.  C<H,gOe(SiH),.  Calculated  H(-Si)  1.68. 

Ilcxamethylcyclohexasiloxane  (III)  was  obtained  by  the  hydrolysis  of  100  g  of  l,l,3-trimethyl-l,3-dIchlo- 
rodisiloxanc;  the  aiiK>unt  formed  was  15  g. 

Found  H( -Si)  0.77;  H  7.85;  C  26.39.  M  269.  C5H2o04Si4.  Calculated  H( -Si)  0.75;  H  7.31;  C  26.83. 

M  268. 

3.9  g  of  nonamethylcyclohexasiloxane  (IV)  was  isolated  from  the  same  hydrolyzate. 

Found  %r.  H(-Si)  0.79;  Si  41.64.  CjHjPgSij.  Calculated  H(-Si)  0.75;  Si  41.81.  M  402. 

Octamethylcyclohexasiloxane  (V)  (4  g)  was  obtained  by  the  hydrolysis  of  l,l,3,5-tetramethyl-l,5-di- 
chlorotrisiloxane  (28  g).  The  trimer  was  not  isolated. 

Found  H(-Si)  1.10;  H  7.10;  C  24.67.  M  383.  CgHjgOgSij.  Calculated  H(-Si)  1.03;  H  7.22;  C  24.74. 

M  388. 

1.1.5.5- Tetramethyl-3,3.7,7-tetraethylcyclotetrasiloxane  (VI)  (6  g)  was  obtained  by  the  hydrolysis  of  20 
g  of  1. l-dimethyl-3,3-diethyldichlorodisiloxane. 

Found  H  8.99;  C  40.42;  Si  31.69.  M  350.  CuH3204Si4.  Calculated  H  9.07;  C  40.90;  Si  31.81.  M 

352. 

1.1.5.5- Tetramethyl-3,7-diethylcyclotetrasiloxane  (VII)  (14  g)  was  obtained  by  the  hydrolysis  of  35  g  of 
1, 1  -dimethyl  -3  -ethyl  -1,3-dichlorodisiloxane . 

Found  H(-Si)  0.70;  Si  37.56.  M  290.  CgH„04Si4.  Calculated  H(-Si)  0.68;  Si  37.87.  M  296. 

l,l,7,7-Tetramethyl-3,5,9,ll-tetraethylcyclohexasiloxane  (VIII)  (2.5  g)  was  obtained  by  the  hydrolysis 
of  30  g  of  1,1-dimethyl -3. 5-diethyl-l,5-dichlorotrisiloxane.  The  trimer  was  not  isolated. 

Found  H(-Si)  0.85;  Si  37.83.  M  437.  CizHagOgSig.  Calculated  H(-Si)  0.90;  Si  37.82.  M  444. 

3.3.5.5- Tetrametliyldiethylcyclotrisiloxane  (IX)  (12  g)  was  isolated  from  the  hydrolysis  products  of  1,1- 
diethyl-3,3,5.5-tetramethyldichlorotrisiloxane  (35  g). 

Found  H  8.32;  C  38.38.  M  255.  CgH^OgSi,.  Calculated  %:  H  8.30;  C  38.40.  M  250. 

Bis  (tetramethyldisilanamine)-cyclodioxide  (X).  150  g  of  liquid  ammonia  was  placed  in  a  flask  with  a 
stirrer  and  the  temperature  was  maintained  at  -71*  by  cooling  with  dry  ice  and  acetone.  80  g  of  tetramethyl- 
dichlorodisiloxane  in  160  g  of  dry  ether  was  added  from  a  funnel.  The  reaction  lasted  50  minutes.  The  ammo¬ 
nia  was  removed  by  heating  and  the  mixture  was  filtered  in  a  current  of  dry  air  under  vacuum.  40  g  of  NH4CI 
was  obtained  (theoretical  40.6  g).  The  ether  was  distilled  off  and  the  product  was  distilled  at  106-107*  (23  mm). 
38  g  of  crystals  (65.&7o)  was  obtained. 

Found  %;  N  10.00;  Si  37.96;  C  32.65;  H  8.90.  M  288.  CgHjeOgS^Nj.  Calculated  N  9.5;  SI  38.10;  C 
32.71;  H  8.84.  M  294. 

Bis  (dimethyldiethyldisilanamine)-cyclodioxide  (XI)  was  obtained  by  a  similar  method. 

Found  <51):  Si  31.83;  N  7.84.  M  345.  Ci2H340jSi4Nj.  Calculated  *70:  Si  32.00;  N  8.00.  M  350. 

Decamethyl-l,9-dihydroxypentasiloxane. 

Found  %;  OH  8.14,  8.86.  MR  97.60.  CioHgPgSig.  Calculated  OH  8.75.  MR  97.36. 
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Octaniethyl-3,5-dlhydroxytetrasiloxane. 

Found  %!  OH  11.12,  10.93.  MR  78.31.  CgH^5Sl4.  Calculated  OH  10.82.  MR  78.02. 


SUMMARY 

1.  Three  new  dimethyl -a, lu-dlhydroxysllanes  and  8  alkylcycloslloxanes  with  mixed  S*-0  units  were  ob¬ 
tained  by  the  hydrolysis  of  alkylchlorosiloxanes. 

2.  Two  cyclic  tetramers  with  alternate  siloxane  and  silamine  bonds  were  isolated  by  the  ammonolysis  of 
alkylchlorosiloxanes. 

3.  It  was  found  that  the  hydrolysis  of  alkylchlorosiloxanes  is  subject  to  the  same  mechanisms  with  respect 
to  cyclization  as  the  hydrolysis  of  alkylchlorosilanes. 
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THE  REACTION  OF  NITROSYL  CHLORIDE  WITH  UNSATURATED 


HY  DROCARBONS 

V.  THE  REACTION  OF  1-BUTENE  AND  2-METHYL -3 -BUTENE  WITH  NITROSYL 
CHl,ORIDE  IN  THE  PRESENCE  OF  HYDROGEN  CHLORIDE.  THE  PREPARATION  OF 
THE  ACYL  CHLORIDES  OF  a-CHLOROISOVALERO  AND  a-CHLOROBUTYROHY- 
DROXAMIC  ACIDS 

K  .  A  .  Ogloblln 

Institute  of  Chemistry,  Leningrad  State  University 


In  one  of  the  previous  papers  [1]  It  was  shown  that  when  nltrosyl  chloride  reacts  with  trlmethylethylene  In 
the  presence  of  hydrogen  chloride  the  main  reaction  product  Is  not  a  dimer  of  trlmethylethylene  nltrosochlorlde 
but  a  monomeric  oxime  of  2-chloro-2-methyl-3-butanone,  1.  e.  the  presence  of  hydrogen  chloride  assists  the 
rearrangement  of  the  Initially  formed  monomeric  chloronltroso  compound  Into  a  chlorooxlme. 


CH 


^\c— f 


CH 


'3'  I  I 
Cl  NO 


C-CH-CH3  ^"^V-C-CHg 

CH,/  I  I  " 


NOH 


When  nltrosyl  chloride  reacts  with  2-methyl -3 -butene  [2]  and  butene  [3], a  solid  nltrosochlorlde  Is  not  form 
ed.  The  main  reaction  products  are  the  corresponding  l-nltro-2-chloroalkanes  and  1,2-dlchloroalkanes,  1.  e. 
the  Initially  formed  monomeric  nltrosochlorlde  Is  oxidized  by  nltrosyl  chloride  to  the  chloronltro  compound  and 
the  chlorine  obtained  by  the  decomposition  of  the  nltrosyl  chloride  combines  with  the  hydrocarbon  to  give  the 
dichlorlde.  In  consequence,  nltrosochlorldes  of  monosubstitute d  ethylenes  do  not  undergo  rearrangement  Into 
chlorooxlmes  because  their  oxidation  to  the  nltro  compounds  takes  place  more  rapidly. 

In  order  to  make  a  further  study  of  the  Influence  of  hydrogen  chloride  on  the  rearrangement  of  a  chloro- 
nitroso  compound  to  the  chlorooxlme, the  reaction  of  nltrosyl  chloride  with  2 -methyl -3 -butene  (1)  and  1-butene 
(11)  In  the  presence  of  hydrogen  chloride  was  also  Investigated. 

The  reaction  with  (1)  was  carried  out  In  sealed  ampoules  In  a  solution  of  anhydrous  ethyl  ether  with  equl- 
molecular  ratios  of  2-methyl -3 -butene  and  nltrosyl  chloride  In  the  presence  of  0.27  mole  of  hydrogen  chloride. 
The  nltrosyl  chloride  concentration  In  the  ether  was  the  same  as  In  the  experiment  without  hydrogen  chloride 
[2]  (4.5  ml  of  ether  per  gram  of  nltrosyl  chloride).  In  the  experiments  with  1-butene  a  50%  excess  of  nltrosyl 
chloride  was  taken,  Its  concentration  In  the  ether  being reduced(6. 25  ml  of  ether  per  gram  of  nltrosyl  chloride). 
To  avoid  breakage  of  the  ampoules,  which  occurred  In  some  experiments.  In  the  experiments  with  1 -butene  they 
were  not  sealed  until  a  day  after  the  commencement  of  the  reaction. 

The  particular  features  of  the  reaction  In  the  presence  of  hydrogen  chloride  should  benoted:the  reaction 
velocity  Is  much  slower  and  the  pressure  developed  In  the  ampoules  Is  far  weaker.  Whereas  In  the  experiments 
in  which  hydrogen  chloride  was  not  used  [2,  3]  the  reaction  lasted  from  several  hours  to  one  day*,  not  less  than 

*  The  end  of  the  reaction  was  determined  by  the  change  In  color  of  the  reaction  mixture  from  red -brown  to 
blue -greenish  and  greenish-yellow. 


two  days  were  required  to  complete  the  reaction  In  the  presence  of  hydrogen  chloride.  Water,  wiilcli  collected 
as  a  small  layer  on  the  bottom  of  the  ampule  (In  the  form  of  a  solution  of  hydrogen  chloride)  was  liberated  as 
a  result  of  the  reaction,  Ixjth  In  the  experiments  with  2-methyl -3 -butene  and  1-butene. 

The  main  reaction  products  (yleld~50%)  were  the  acyl  chlorides  of  a-chlorolsovaleiohydroxamlc  and  a- 
chloro-N-butyrohydroxamlc  acids.  In  addition,  the  dlchlorldes  of  3,4-dlchloro-2-methylbutane  and  1,2-dlchoro- 
butane  were  obtained,  and  In  the  reaction  with  2-methyl -3 -butene  a  small  amount  of  4-nltro-3-chloro-2-meth- 
ylbutane  was  formed. 


In  literature, It  is  indicated  that  acyl  chlorides  of  unsubstituted  hydroxamlc  acids  can  be  obtained  from 
aldoximes  by  the  action  of  chlorine  [4]  or  nltrosyl  chloride  [5].  In  the  latter  case  It  was  possible  to  isolate  the 
primary  products  of  the  reaction  of  aliphatic  aldoximes  with  nltrosyl  chloride,  dimeric  gem-chloronltroso  com¬ 
pounds,  which  undergo  rearrangement  at  varying  rates  into  the  acyl  chlorides  of  hydroxamic  acids.  A  blue-green 
or  blue  color  of  their  solutions  is  characteristic  of  gem-nitroso  compounds  when  they  occur  partly  in  the  mono- 
molecular  state.  Since  colors  of  this  type  did  not  appear  during  the  reaction  in  our  case  and  gem-chloronitroso 
compounds  were  not  found  in  the  reaction  products, they  could  hardly  be  intermediate  reaction  products  here. 


A  number  of  investigators  assume  [6]  that  hydroxamic  acids  and  their  acyl  chlorides  form  an  intermediate 
stage  in  the  hydrolysis  of  primary  nitro  compounds  into  carboxylic  acids  under  the  Influence  of  strong  mineral 
acids.  The  reaction  is  presumed  to  proceed  according  to  the  system 
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where  X  =  Cl,  OSOjH 

In  a  special  experiment  it  was  shown  that,  being  soluble  in  ether  containing  hydrogen  chloride,  4-nitro- 
3-chloro-2-methylbutane,  which  in  this  case  could  form  the  initial  product  for  obtaining  the  acyl  chloride  of 
a-chloroisovalerohydroxamlc  acid,  does  not  undergo  any  change  on  standing  for  several  weeks  at  room  temper¬ 
ature.  In  consequence,  the  nitrochloro  compound  can  hardly  be  an  intermediate  product  in  the  reaction  for  the 
preparation  of  the  acyl  chlorides  of  a-chlorohydroxamlc  acids. 

In  Rheinboldt’s  work  [5]  the  course  of  the  reaction  is  expressed  by  the  general  system 


/NOII 
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Since  in  all  our  experiments  the  reaction  was  always  accompanied  by  the  liberation  of  water, the  system 
of  the  reaction  in  the  presence  of  hydrogen  chloride  must  be  different. 

It  may  be  assumed  that  the  formation  of  water  takes  place  as  a  result  of  the  decomposition  of  hyponltrous 
acid  [14].  The  latter  can  be  obtained  by  the  action  of  nltrosyl  chloride  on  the  oxime. 

What  has  been  said  above  makes  it  possible  to  assume  the  following  possible  reaction  for  the  formation  of 
the  acyl  chlorides  of  a-chlorohydroxamlc  acids. 


R_G11=CH2  R— GHCl— CII2NO  — ^  R— GHGl— g/ 
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where  R=  C2H5,  Iso-CsHy 
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The  chloronitro  compound  obtained  In  the  first  stage  of  the  reaction  is  converted  to  the  chlorooxime  un¬ 
der  the  influence  of  hydrogen  chloride.  With  nitrosyl  chloride  the  chlorooxime  gives  the  acyl  chloride  of  a- 
chloro -substituted  hydroxamic  acid  and  hyponitrous  acid,  which  decomposes  into  nitrous  oxide  and  water. 

The  possibility  that  water  is  also  formed  by  the  oxidation  of  hydrogen  chloride  by  nitric  oxides  (for  ex¬ 
ample,  N2O3)  [14]  is  not  excluded. 

EXPERIMENTAL 

Initial  products.  2-Methyl -3-butene  was  obtained  by  the  dehydration  of  isoamyl  alcohol  over  anhydrous 
aluminum  sulfate  at  380-420*.  The  hydrocarbon  condensate  was  distilled  over  metallic  sodium  in  a  column 
with  20  theoretical  plates.  The  fraction  with  a  b.  p.  of  20.5-21.5*  at  767  mm,  n*®D  1.3683  was  separated. 

1 -Butene  was  syntliesized  from  allyl  bromide  and  magnesium  methyl  iodide  [7]  and  was  used  for  the  re¬ 
action  without  further  purification. 

Nitrosyl  chloride  was  obtained  by  the  reaction  of  a  concentrated  solution  of  sodium  nitrite  with  hydro¬ 
chloric  acid  (d  1.19)  [8].  The  product  was  heated  to  boiling  for  30-40  minutes  with  a  reflux  condenser  (minus 
40-50*)  and  was  then  distilled. 

The  reaction  of  nitrosyl  chloride  with  2-methyl -3 -butene  in  the  presence  of  hydrogen  chloride.  71  g  of 
cooled  2-methyl -3 -butene  was  added  to  10  g  of  hydrogen  chloride  in  300  ml  of  anhydrous  ether,  cooled  to 
-12*.  and  66  g  of  nitrosyl  chloride,  cooled  to  -50*,  was  then  added  with  stirring.  The  brown-red  solution  was 
poured  into  11  ampoules,  cooled  with  ice  and  salt.  The  ampoules  were  sealed  and  placed  in  a  water  bath 
+  T).The  next  day  (bath  temperature  +  14")  the  reaction  mixture  had  a  brown  color  which  showed  no  tinge  of 
red,  and  a  small  layer  of  a  colorless  transparent  liquid*  had  collected  on  the  bottom  of  the  ampoules.  After  a 
day  the  color  of  the  ethereal  solution  was  again  greenish -yellow.  The  ampoules  were  cooled  to  -50*  and  were 
sealed  by  heating  the  end  in  the  flame  of  a  burner,  a  weaker  pressure  being  noted  than  in  the  experiments  where 
hydrogen  chloride  was  not  used  [2,  3].  The  contents  of  the  ampules  were'washed  with  three  quantities  of  water 
(total  volume  400  ml);  4.97  g  of  hydrogen  chloride  was  found  in  the  wash  water.  The  following  were  distilled 
from  the  initial  reaction  products  in  a  column  with  20  theoretical  plates:  the  initial  hydrocarbon  (  b.  p.  20-28*. 
main  volume  below  25*,  weight  24  g),  ether  and  3,4-dichloro-2-methylbutane  with  a  b.  p.  of  142-147*  at  766 
mm,  weight  12.5  g  (according  to  data  [9]:  b.  p.  143-145*). 

When  the  residue  was  distilled  from  a  Favorsky  flask  a  fraction  with  a  b.  p.  of  65-75*  at  3  mm,  weight 
46,5  g,  was  obtained.  The  residue  was  10.5  g.  After  several  distillations  of  the  main  fractiortthe  following 
fractions  were  obtained:  1st,  b.  p.  58-61*  at  2  mm,  3.1  g  n*D  1.4588  (4-nitro-3-chloro-2-methylbutane; accord¬ 
ing  to  data  [2]:  b.  p.  76-77*  at  7  mm,  n*D  1,4548);  2nd,  b.  p.  65-66*  at  1  mm,  17.8  g;  3rd,  b.  p.  66-67*  at  1 
mm,  10.6  g,  n^"D  1.4868.  The  two  latter  fractions  represented  the  acyl  chloride  of  a-chloroisovalerohydroxamic 
acid. 

For  the  65-66*  at  1  mm  fraction;  d4*°  1.2375,  n^  1.4877,  MRq  39.57;  calc.  39.35. 

Found  Cl  41.23.  41.23  (Carius).  C5H9ONCI2.  Calculated  %:  Cl  41.70. 

The  substance  was  soluble  in  ether,  alcohol,  benzene  and  gasoline  (b,  p.  60-80*).  It  was  insoluble  in  wa¬ 
ter  in  the  cold,  with  heating  it  decomposed;  the  solution  contained  chlorine  ions.  An  aqueous  solution  gave  a 
qualitative  reaction  for  hydroxamic  acid  with  ferric  chloride.  With  increasing  hydrolysis  of  the  acyl  chloride, 
as  a  result  of  heating  the  pale -red  color  of  the  solution  changed  to  dark  red. 

When  kept  in  a  closed  vessel  the  substance  gradually  decomposed  and  colorless  crystals  were  formed,  the 
amount  of  which  increased  with  time.  The  crystals  were  insoluble  in  ether  but  readily  soluble  in  water.  The 
aqueous  solution  gave  a  precipitate  with  a  solution  of  silver  nitrate,  it  reduced  Fehling  solution  in  the  cold  and 
gave  a  reaction  for  hydroxylamine  [10].  When  the  crystals  were  acted  on  by  a  solution  of  alkali  a  strong  odor 
of  ammonia  was  produced  (!). 

Hydrolysis  of  the  acyl  chloride  of  a-chloroisovalerohydroxamic  acid.  2.2  g  of  the  substance  was  heated 
on  a  water  bath  for  18  hours  with  70  ml  of  water.  The  substance  dissolved  almost  completely.  The  aqueous  so- 

*  An  aqueous  solution  of  hydrogen  chloride  with  an  admixture  of  ether. 


lution  contained  0.7897  g  of  hydrogen  chloride.  The  hydrolysis  of  one  atom  of  chlorine  must  give  0.472  g  of 
HCl.  two  atoms  would  give  0.944  g  HCl.  The  percentage  of  hydrolysis  (calculated  for  2  atoms  of  chlorine)  was 
83.6. 


1.26  g  of  a  viscous  colorless  liquid,  which  crystallized,  was  extracted  from  the  aqueous  solution  with  ether. 
After  it  had  been  dried  on  a  porous  plate  the  m.  p.  was  82-84*.  According  to  data  [11],  the  m.  p.  of  a-hydroxy- 
isovaleri  acid  is  86*. 

Found  neutralization  equiv.  120.6.  C^HjOCOOH. Calculated  neutralization  equlv.  118.1. 

The  reaction  of  nitrosyl  chloride  with  1-butene  in  the  presence  of  hydrogen  chloride.  51  g  of  1-butene, 
cooled  to  -50*,  and  112  g  of  nitrosyl  chloride  (-50*)  were  added  to  a  solution  of  20  g  of  hydrogen  chloride  in 
700  ml  of  anhydrous  ether,  cooled  to  -12*.  The  red-brown  mixture  was  poured  into  13  ampoules,  cooled  with 
ice  and  salt.  The  ampoules  were  plugged  with  cotton  wool  and  were  left  in  a  cooling  mixture.  The  next  day 
the  temperature  of  the  bath  was  4-20*,  the  red  tinge  of  the  reaction  mixture  had  disappeared  and  it  now  had  a 
greenish  tinge.  The  volume  of  the  liquid  in  all  the  ampoules  was  somewhat  reduced  as  a  result  of  the  volatiliza¬ 
tion  of  part  of  the  hydrocarbon  and  nitrosyl  chloride  and  a  small  layer  of  a  transparent  yellowish  liquid  was  pres¬ 
ent  on  the  bottom  of  the  ampoules.  Of  the  13  ampoules  10  were  sealed  and  3  were  left  open.  After  a  day  in  the 
sealed  ampoules  the  color  of  the  liquid  was  already  darker  (brown)  and  the  volume  of  the  lower  layer  was  some¬ 
what  reduced.  When  the  ampoules  were  opened  a  slight  pressure  was  observed  after  they  had  been  cooled.  In 
the  three  unsealed  ampoules  the  volume  again  showed  a  reduction  (2-3  ml)  and  the  color  of  the  liquid  was  dark 
orange.  The  ethereal  solution  was  separated  from  the  lower  layer,  the  total  volume  of  the  lower  layer  was  12 
ml,  after  the  addition  of  water  an  ethereal  layer  of  5  ml  came  to  ±e  top;  7  ml  of  water  was,  therefore,  liber¬ 
ated  during  the  reaction.  The  brown  ethereal  solution  was  washed  with  four  lots  of  water  (total  500  ml),  brown 
fumes  of  nitrogen  dioxide,  formed  by  the  hydrolysis  of  the  unreacted  nitrosyl  chloride,  being  given  off.  The 
pale -green  ethereal  solution  was  washed  twice  with  a  5%  solution  of  sodium  bicarbonate  (200  ml)  and  twice  with 
water  (200  ml);  it  was  dried  with  anhydrous  sodium  sulfate.  The  ether,  hydrocarbon  and  highly  volatile  fractions 
were  distilled  under  vacuum  and  collected  in  a  trap  (-50*).  The  dirty-green  residue  was  distilled  under  vacuum 
in  a  current  of  nitrogen. 

After  the  ether  had  been  driven  off  and  the  residue  distilled  under  vacuum ,5.9  g  of  1,2-dichlorobutane  was 
obtained  from  the  liquid  retained  in  the  traps;  the  b.  p.  was  41-43*  at  40  mm,  d^®^  1.1178,  n*D  1.4444  (accord¬ 
ing  to  data  [12]:  b.  p.  31"  at  28  mm,  d/®  1.1187,  n^D  1.440). 

When  the  main  part  of  the  reaction  products  was  distilled, 43.0  g  of  the  acyl  chloride  of  a-chloro-N-butyr- 
ohydiDxamic  acid,  with  a  b.  p.  of  67-70*  at  3  mm,  was  obtained.  After  several  distillations  under  vacuum  the 
following  fractions  were  obtained:  1st,  b.  p.  58-59*  at  2  mm,  13.5  g;  2nd,  b.  p.  59*  at  2  mm,  11.3  g. 

For  1st  fraction:  d/®  1.2970,  n^D  1.4894,  MRq  34.75;  calc.  34.73. 

Found  %:  Cl  44.35*  (Korshun).  C4H7ONCI2.  Calculated  °]o‘.  Cl  45.5. 

For  2nd  fraction:  d4^®  1.2957,  n^D  1.4912,  MR^  34.89;  calc.  34.73. 

Found  ^01  Cl  44.27.  C4H7ONCI2.  Calculated  %:  Cl  45.5. 

Both  fractions  were  colorless  transparent  liquids,  soluble  in  ether  and  other  organic  solvents.  They  were 
slowly  decomposed  by  water  in  the  cold  and  rapidly  decomposed  when  heated.  The  aqueous  solution  had  an 
acid  reaction,  gave  a  reaction  for  chlorine  ions  and  a  reaction  for  hydroxamic  acid  with  a  solution  of  ferric  chlo¬ 
ride  (dark-red  coloration)  and  after  long  standing  of  the  substance  with  water, the  aqueous  solution  reduced  Fehl- 
ing  solution. 

The  acyl  chloride  of  a-chlorobutyrohydroxamic  acid  decomposed  still  more  readily  than  the  acyl  chloride 
of  a-chloroisovalerohydroxamic  acid.  When  the  substance  was  kept  in  a  sealed  vessel, colorless  crystals,  mainly 
hydroxylamine  hydrochloride,  were  deposited  by  the  next  day. 

Hydrolysis  of  the  acyl  chloride  of  a-chlorobutyrohydroxamic  acid.  3  g  of  the  substance  was  heated  with  50 
ml  of  water  on  a  water  bath  tor  2.5  hours,  the  major  part  of  the  oil  dissolving.  The  aqueous  solution  had  an  acid 
did  not  give  a  qualitative  reaction  for  hydroxamic  acid  with  a  solution  of  ferric  chloride.  The  aqueous  solution 

*  The  analysis  gives  a  low  value  for  the  chlorine  content  because  of  the  rapid  decomposition  of  the  substance. 
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was  extracted  for  14  hoiin  In  an  extractor  with  etfiet;  after  the  ether  had  been  driven  off  and  the  residue  distilled, 
a -hydroxybutyrlc  acid  was  obtained  In  the  form  of  a  viscous  colorless  liquid,  the  weight  being  0.9  g;  It  was  re- 
crystalllzcd  In  a  vacuum  desiccator  over  phosphorus  pentoxlde.  The  m.  p.  was  39-40*  (according  to  data  [13]: 
m.  p.  43-44*).  a-Hydroxybutyrlc  acid,  with  an  m.  p.  of  41-42.5*,  was  obtained  from  the  aqueous  solution  by  hy¬ 
drolysis  In  the  cold  (for  several  days). 

round  %:  neutralization  equlv.  105.6.  CjHtCXCOOH).  Calculated:  neutralization  equlv.  104.1. 

The  reaction  of  4-nitro-3-chloro-2-methylbutane  with  hydrogen  chloride  In  ethereal  solution.  5.0  g  of 
the  niitochloro  compound  (  b.  p.  54-55*  at  2  mm,  n*®D  1.4544)  were  dissolved  In  40  ml  of  anhydrous  ether,  con¬ 
taining  2.8  g  of  hydrogen  chloride  and  were  left  in  a  sealed  ampoule  atroom  temperature.  After  7  days  the  am¬ 
poule  was  opctxid  and  the  ether  was  washed  out  from  the  hydrogen  chloride  by  shaking  with  water;  after  the  liq¬ 
uid  had  been  dried  by  sodium  sulfate  .the  ether  was  driven  off  and  the  residue  was  distilled  under  vacuum.  4.2 
g  of  nitrochloroisopcntane.  with  a  b.  p.  of  57-58*  at  3  mm  and  n*®D  1.4550,  was  obtained. 

SUMMARY 

1.  When  nitrosyl  chloride  reacts  with  2-methyl -3 -butene  and  1-butene  in  a  solution  of  ethyl  ether  in  the 
presence  of  hydrogen  chloride,  approximately  50%  yields  of  the  acyl  chlorides  of  a-chloroisovalerohydroxamic 
and  a-chlorobutyiohydroxamic  acids  are  obtained.  This  reaction  is  a  new  one  and  is  evidently  a  general  meth¬ 
od  for  obtaining  the  acyl  chlorides  of  a-chlorohydroxamic  acids  from  monosubstitute d  ethylenes. 

Together  with  the  acyl  chlorides  of  a-chlorohydroxamlc  acids  thereaction  gives  small  amounts  of  saturated 
dichlorides,  3,4-dichloio-2-methylbutane  and  1,‘4-dichlotobutane,  and  in  the  reaction  with  2-methyl-3-butene  , 
4-nitto-3-chloro-2-methylbutane  is  also  obtained. 

2.  Tire  formation  of  the  acyl  chlorides  of  a-chlorohydroxamic  acids  is  caused  by  the  presence  of  hydrogen 
chloride  in  the  reaction  medium.  Under  the  influence  of  hydrogen  chloride  the  primary  reaction  products,  chlo- 
ronitroso  compounds,  undergo  rearrangement  into  the  oximes  of  a-chloroaldehydes,  which  with  nitrosyl  chloride 
give  acyl  chlorides  of  a-chlorohydroxamic  acids. 
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THE  INVESTIGATION  OF  METHODS  OF  DISPLACEMENT  OF  HYDROGEN 
IN  OXIDATION -REDUCTION  REACTIONS 

XI.  THE  REDUCTION  OF  BENZOPHENONE  BY  SODIUM  ALKOXIDES  AND  ALUMINUM. 

AND  ALCOHOLS  AND  SODIUM 

E.  P.  Dar'eva,  G,  P.  MIklukhin  and  A.  F.  Rekasheva 
Institute  of  Physical  Chemistry,  Academy  of  Sciences  Ukrainian  SSR 


As  a  result  of  the  Investigation  of  the  mechanism  of  oxidation-reduction  reactions  of  organic  compounds 
by  means  of  deuterium  It  was  established  that  the  hydrogen  from  the  C-H  bonds  of  the  reducing  agents  Is  trans¬ 
ferred  to  the  carbon  atoms  of  the  reduced  compounds.  The  displacement  of  the  hydrogen  Is  not  accompanied 
by  Its  Isotopic  exchange  with  the  medium  [1],  In  particular,  this  method  of  transfer  of  hydrogen  Is  observed  In 
all  instances  when  alcohols  or  alcoholic  solutions  of  alkoxides  served  as  the  reducing  agents  [2-4],  for  example, 
in  the  reduction  of  carbonyl  compounds  by  alcohols  in  the  presence  of  aluminum  alkoxides  [2]. 

It  is  known  that  alcoholic  solutions  of  sodium  alkoxides  also  act  as  a  reducing  medium.  The  conditions 
for  reduction  by  aluminum  and  sodium  alkoxides  are  essentially  different  because  In  the  first  case  the  reduction 
takes  place  In  an  acid  medium,  and  In  the  second  case  In  a  strongly  alkaline  medium.  In  general,  sodium 
alkoxides  are  less  effective  reducing  agents  for  carbonyl  compounds  than  aluminum  alkoxides  [18];  In  certain 
Instances,  however,  when  the  use  of  aluminum  alkoxides  does  not  give  the  desired  result  the  reduction  can  be 
carried  out  with  sodium  alkoxide  [10],  From  this  It  follows  that  there  is  a  qualitative  difference  as  well  as  a 
quantitative  one  between  the  behavior  of  aluminum  and  sodium  alkoxides.  The  sum  total  of  our  previous  data 
makes  it  possible  to  assume,  however,  that  both  processes  are  analogous  as  regards  sources  and  method  of  transfer 
of  hydrogen. 

The  object  of  the  present  investigation  was  the  experimental  confirmation  of  this  assumption  and  the 
elucidation  of  the  role  of  the  hydrogen  of  the  C-H  bonds  of  alcohols  (or  alkoxides)  during  reduction  by  alcohols 
and  metallic  sodium.*  *  In  addition,  because  of  considerations  given  below,  we  determined  the  value  of  the 
kinetic  isotopic  effect  in  the  Mecrweln-Ponndorf-Verley  reaction. 

We  decided  on  the  reduction  of  benzophenone  by  N -butyl.  Isoamyl  and  ethyl  alcohols  In  the  presence  of 
the  corresponding  sodium  alkoxides  on  the  one  hand  and  butyl  and  ethyl  alcohols  and  sodium  on  the  other  [6,7] 
as  the  subject  to  be  Investigated. 

In  the  first  series  of  experiments  we  investigated  the  reduction  of  benzophenone  by  solutions  of  sodium 
alkoxides  In  alcohols  containing  deuterium  In  the  hydroxyl  group.  The  experiments  were  carried  out  In  the 
following  manner  ;  0. 1-0.2  g-at.  of  metallic  sodium  was  dissolved  with  boiling  In  0. 2-0.6  mole  of  heavy 
alcohol  (this  took  1.5-2  hours);  0.04-0.05  mole  of  benzophenone  was  added  to  the  solution  obtained  and  heating 
was  continued  at  140*  for  a  further  30  minutes.  The  benzhydrol  formed  was  separated  from  the  reaction  mixture 
and  after  it  had  been  cooled  and  neutralized  It  was  steam  distilled  or  extracted  with  ether.  In  the  latter  case 
the  deuterium  from  the  benzhydrol  hydroxyl  group  was  washed  out  by  dissolving  it  repeatedly  In  methyl  alcohol 

•  Deceased. 

•  "In  this  case,  after  the  first  portions  of  sodium  have  been  dissolved  in  the  alcohol  conditions  of  reduction  by 
alcoholic  solutions  of  sodium  alkoxides  are  created  in  the  reaction  medium. 
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and  evaporating  the  methanol  solution.  After  it  had  been  recrystallized  from  ligroin  the  benzhydrol  had  an 
m.p.  of  67-68*.  The  yield  was  90-95*70  To  determine  the  isotopic  composition  of  the  separated  benzhydrol 
it  was  burnt  over  cupric  oxide  and  its  deuterium  content  was  determined  from  the  density  of  the  water  of  com¬ 
bustion  by  the  flotation  method.  The  amounts  of  the  substances  used,  the  deuterium  content  in  the  hydroxyl  of 
the  Initial  alcohol  and  the  results  of  the  analysis  of  the  water  of  combustion  are  given  in  Table  1.  Column  6 
of  this  table  gives  the  deuterium  content  In  the  C-H  bond  of  the  carblnol  group.  The  values  in  column  6  were 
obtained  by  multiplying  the  values  of  the  excess  density  of  the  water  of  combustion  of  benzhydrol  by  12,  be¬ 
cause  as  a  result  of  combustion  the  hydrogen  of  the  C-H  bond  of  the  carblnol,  •  group  is  diluted  12  times  by 
the  hydrogen  from  the  other  positions  In  the  molecule. 


TABLE  1 

Reduction  of  Benzophenone  by  Sodium  Butoxide,  Isoamoxide  and  Ethoxlde  In  the  Cor¬ 
responding  Alcohols 


Expt. 

No. 


Reduction  by  sodium  butoxide  in  0411900 


1 

0.055 

0.65 

0.22 

2.3510 

13? 

1610 

IThe  alcohol  from 

2 

0.055 

0.43 

0.17 

23540 

135 

1620 

the  reaction  mlx- 

3 

0.044 

0.43 

0.17 

23540 

122 

1460 

>  ture  contained  650- 

4 

0.055 

0.43 

0.17 

23540 

122 

1460 

770  y  units  of  deu- 
)  terium  in  the  C— H  bonds 

h 

6 

0.055 

0.027 

0.42 

0.13 

0.17 

0.076 

00 

iC  ^ 

8 

32 

100 

380 

1  Experiments  with  light 
/  alkoxides 

Reduction  by  sodium  isoamoxide  in 

1  (CHs)jCH2CH2CH203D 

7 

0.055 

0.36 

0.22 

19600 

100 

1200 

The  alcohol  from  the 
reaction  mixture  con¬ 
tained  780  y  units  of 
deuterium  in  the  C-H 
bonds. 

8 

0.044 

0.36  ■ 

0.22 

19600 

109 

1310 

Reduction  by  sodium  ethoxide  in 

GallfiOD 

9 

o.o;i 

0.51 

0.21 

9210 

149 

1790 

1  130°,  40  ml  of 

in 

0.055 

0.10 

0.10 

9410 

23 

280 

xylene  with  light 
alkoxide 

C.H.ONa 

(1) 

€411900  +  (C6H5)2CH0D  — 

=I±  G4H9OH  +  (G6H6)2CD0D 

C.H.ONa 

(II)  0411900  +  0307011,00  - »  04H90II  I  04O9OH 


Amount  of  initial  substances 
(in  moles) 

Deuterium  content  (in  y  units] 

Remarks 

(C,lIj),C=0 

alcohol 

Na 

In  the 
CUfpl 
initia 
Alrnn 

'the 

HjO  of 

comb. 

(C,H5t,C=0 

g-ltSf.h, 

Ml 

Reduction  with  butyl*and  isoanyl  alcohols  was  carried  out  at  140*  in  a  thermostat  (except  for  experiments 
1  and  2  in  which  the  reaction  was  carried  out  with  boiling  on  a  sand  bath;  the  temperature  of  the  liquid  phase 
during  the  boiling  of  the  mixture  varied  between  135  and  142* ).  Preliminary  experiments  on  reduction  by  sodium 
ethoxlde  In  ethyl  alcohol  showed  that  when  the  mixture  was  boiled  for  a  considerable  time  (L5-2.5  hours)  re¬ 
duction  does  not  take  place;  here,  the  temperature  of  the  liquid  phase  reached  80-85*.  It  was  only  possible  to 
reduce  benzophenone  to  benzhydrol  with  sodium  ethoxlde  by  adding  50  ml  of  xylene  to  the  reaction  mixture  and 
thus  Increasing  the  boiling  point  to  125-130*. 

•fCarbinol  =  a  carbon  atom.  Translator’s  note). 

•  •Preliminary  experiments  on  the  reduction  of  benzophenone  by  sodium  butoxide  were  carried  out  by  L.  Bel'mas, 
a  student  at  the  Dnepropetrovsk  State  University. 
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The  data  given  In  Table  1  (experiments  1-4,  7-9)  show  that  when  benzophenone  Is  reduced  by  sodium 
butoxlde  and  Isoamoxlde^  considerable  amount  of  deuterium  Is  transferred  to  the  benzhydrol.  The  deutexlum 
content  In  the  carblnol  group  of  benzhydrol  Is,  however,  1/ 10  less  than  Its  content  in  the  hydroxyl  of  the  Initial 
alcohol.  We  assumed  that  deuterium  enters  the  benzhydrol  molecule  not  as  a  result  of  the  reduction  reaction 
but  owing  to  the  exchange,  proceeding  simultaneously,  between  the  hydrogen  of  the  hydroxyl  groups  of  the 
alcohol,  on  the  one  hand,  and  the  hydrogen  of  the  C-H  bonds  of  benzhydrol  (I)  and  the  alkyl  radicals  of  the 
alcohols  (and  alkoxldes)themselves,  on  the  other  (II). 

In  actual  fact.  It  was  found  that  when  ordinary  benzhydrol  is  heated  In  a  solution  of  sodium  butoxlde  In 
heavy  butyl  alcohol  under  conditions  similar  to  those  for  the  reduction  of  benzophenone, exchange  takes  place. 
After  30  minutes  exchange  we  found  700  y  units  of  deuterium  (the  mean  of  3  experiments)  In  the  C-H  bonds  of 
benzhydrol.  The  Initial  alcohol  and  the  ratio  of  the  amounts  of  alcohol  and  sodium  In  the  exchange  experiments 
were  the  same  as  In  experiments  2-4.  When  benzhydrol  was  heated  for  2  hours  under  the  same  conditions  1200- 
1300  y  units  of  deuterium  were  found  in  It.  The  oxidation  of  a  mixed  sample  of  benzhydrol,  obtained  In  ex¬ 
periments  1-4,  to  benzophenone  and  the  Isotopic  analysis  of  this  benzophenone  showed  that  only  the  hydrogen  of 
the  C-H  bonds  of  the  carblnol  group  takes  part  In  the  exchange  because  the  benzophenone  hardly  contained 
deuterium.  In  addition,  it  was  found  that  after  the  removal  of  the  deuterium  from  the  hydroxyl  group, the 
alcohol  from  the  reaction  mixture  In  the  reduction  experiments  contains  considerable  amounts  of  deuterium,  as 
In  the  case  of  the  alcohol  after  sodium  had  been  dissolved  In  it.  The  oxidation  of  these  samples  of  alcohols  to 
butyric  acid  and  the  Isotopic  analysis  of  the  latter  showed  that  the  deuterium  content  in  the  a-posltion  of  the 
alcohol  hardly  differs  from  Its  content  In  the  other  positions  of  the  alkyl  radical  of  the  alcohol  and  corresponds 
to  650-770  y  units. 

The  experimental  data  confirm,  therefore,  that  when  alcoholic  solutions  of  sodium  alkoxldes  are  boiled, 
exchange  processes,  according  to  systems  (I)  and  (II),  take  place  at  the  same  time  as  the  reduction  of  benzo¬ 
phenone.  The  fact  that  the  deuterium  content  In  the  C-H  bonds  of  benzhydrol  Is  similar  to  the  total  amount  of 
deuterium  entering  the  alkyl  radicals  of  the  alcohoTand  into  the  carblnol  group  ofbenzhydrol  as  a  result  of  ex¬ 
change  (700  y  +  700  y  =  1400y)  Is  an  indication  in  favor  of  our  Initial  assumption,  l.e.  it  indicates  the  selective 
transfer  of  hydrogen  from  the  C— II  bonds  of  the  alcohols  (or  alkoxldes)  to  the  carbonyl  atom  of  benzhydrol  when 
It  is  reduced.  The  exchange  reaction  takes  place  far  more  slowly  than  the  reduction:  after  2  hours  at  140"  the 
exchange  of  hydrogen  between  the  hydroxyl  group  of  butyl  alcohol  and  Its  alkyl  radicals  is  only  30*70,  whereas 
reduction  is  completed  in  30  minutes.  It  was,  therefore,  possible  for  us  to  confirm  this  assumption  by  a  more 
direct  method. 

In  experiments  5,6  and  10  the  reduction  of  benzophenone  was  carried  out  by  alkoxldes,  prepared  from 
ordinary  alcohol,  and  dissolved  in  alcohols  containing  deuterium  in  the  hydroxyl  group.  By  this  method  we 
eliminated  protracted  heating  of  solutions  of  sodium  in  heavy  alcohol  during  the  preparation  of  solutions  of 
alkoxldes,  a  process  which  leads  to  the  introduction  of  deuterium  in  the  C-H  bonds  of  the  alkyl  radicals  of  the 
alcohols. 

The  benzhydrol  obtained  in  experiments  5,6  and  10  contained  only  a  slight  amount  of  deuterium.  This 
definitely  proves  that  hydrogen  is  transferred  directly  from  the  C— H  bonds  of  the  alcohol  to  the  carbinol  atom 
of  benzophenone. 

With  respect  to  the  mechanism  of  the  transfer  of  hydrogen, reduction  by  alcoholic  solutions  of  sodium 
alkoxldes  is,  therefore,  analogous  to  reduction  by  aluminum  alkoxldes  and  can  be  expressed  by  the  system 


\  I  R'Cn,ONa 

- ^  II2CHOD  + U'CHO 

t _ ! 

According  to  present  opinions  the  particular  features  of  the  Meerwein-Ponndorf-Verley  reaction, 
namely  its  specific  character,  its  stereospecific  character  and  the  direct  transfer  of  hydrogen  from  the  C-H 
bonds  of  the  reducing  agent  to  the  carbonyl  atom  of  carbon  without  the  participation  of  the  solvent  is  explained 
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by  ilic  fact  that  the  reaction  takes  place  via  a  cyclic  transition  complex  (A)  f8,9],  obtained  as  a  result  of  the 
tendency  of  aluminum  alkoxides  to  form  coordination  compounds  with  carbonyl  compounds* 


R,C0  *  (K'CH,0),Al 


KjCf,  Al{0CH,R’), 

H  f  X) 

X  / 


it) 


— ►  RtCHOAKOCHtR';,  +  R’CHO 


It  is  not  difficult  to  Imagine  a  similar  transition  complex  in  the  case  of  reduction  by  sodium  alkoxides 
(B),  also.  Mere  the  formation  of  a  complex  Is  due  to  the  electrostatic  reaction  of  the  polarized  bonds  C 
and  O^”  —  Na^^, 


nr.  Na 

(B)  I'l  O 

\ 

/  \ 

II  li 


One  of  us  previously  advanced  the  suggestion  that  low  values  of  the  kinetic  Isotopic 
effect  [11,  121  are  characteristic  for  the  transfer  of  hydrogen  to  cyclic  transition  com¬ 
plexes  like  (A)  and  (B).  It  was  of  Interest  to  check  this  suggestion  by  the  example  of  the 
Meerwein-Ponndorf-Verley  reaction,  for  which  the  formation  of  a  transition  complex 
(A)  is  well-founded  [8,  9,  10],  We  carried  out  the  reduction  of  benzophenone  and 
benzaldehydc  by  heavy  aluminum  isopropoxlde  [  (CD3)jCDO]3Al  In  an  excess  of  heavy 
Isopropyl  alcohol  and  determined  the  value  of  the  Isotopic  effect  from  the  composition 
of  the  reduction  products  of  benzhydrol  and  benzyl  alcohol. 


The  experiments  were  carried  out  according  to  the  method  described  in  Wilde’s  review  of  this  subject  [51. 
The  amounts  of  the  substances  used,  the  Isotopic  composition  of  the  Initial  alcohol,  alkoxide  and  reduction 
products  and  also  the  values  a  =k|^  /  found  for  the  kinetic  isotopic  effect  are  given  In  Table  2.  a  was 


In  (  1-S) 

calculated  according  to  the  formula  a  = - - - ^  [131.  where  S  is  the  molar  ratio  of  the  amounts  of  the 


In 


('-4) 


carbonyl  compound  to  the  total  amount  of  alcohol  and  alkoxide,  x  and  y  are  the  contents  of  deuterium  in  the 
initial  Isopropyl  alcohol  and  In  the  C~H  carbinol  group  of  the  reduction  products,  respectively. 


Heavy  isopropyl  alcohol  was  obtained  by  the  action  of  metallic  sodium  on  a  mixture  of  equal  volumes 
of  D2O,  ether  and  acetone  [251.  The  deuterium  from  the  hydroxyl  group  was  removed  by  repeated  washing 
with  a  saturated  aqueous  solution  of  potash,  after  which  the  alcohol  was  dried  and  distilled.  Thelp.p.  was 
81-82.5*.  nj)*®  1.3780. 


The  oxidation  of  the  samples  of  aluminum  isopropoxlde,  obtained  from  this  alcohol,  to  acetone  and  the 
Isotopic  analysis  of  this  acetone  showed  that  the  deuterium  in  it  was  uniformly  distributed  in  all  seven  positions. 
The  aluminum  Isopropoxlde  was  prepared  In  the  manner  described  In  [5]. 


The  results  of  the  above-mentioned  experiments  show  that  the  reduction  of  benzophenone  and  benzaldehydc 
by  aluminum  isopropoxlde  iu  isopropyl  alcohol  takes  place  with  a  slight  isotopic  effect  kn/lq)  =  1. 8-1.9,  close 
to  the  value  found  by  us  previously  for  the  Leukart  [11]  and  Cannizzaro  [16]  reactions.  The  data  obtained  con¬ 
firm  the  assumption  that  the  intramolecular  transfer  of  hydrogen  to  the  cyclic  complexes  is  accompanied  by  a 
comparatively  small  Isotopic  effect.  The  data  of  Dunn  and  Warkentin  [17],  who  determined  the  value  of  the 
Isotopic  effect  in  the  reduction  of  benzophenone  by  magnesium  isobutyl  bromide,  are  also  In  favor  of  this  assump¬ 
tion.  As  far  back  as  1942  Whitmore  [20]  sugested  the  formation  of  a  cyclic  transition  complex  C  similar 
in  structure  to  (A),  for  this  reaction. 


•In  our  first  work  dealing  with  the  mechanism  of  the  Meerweln-Ponndorf-Verley  reaction  [2]  we  assumed  the 
intermediate  formation  of  a  semi -acetal  and  the  intramolecular  transfer  of  hydrogen  In  it.  The  transfer  of 
hydrogen  (A)  Is  better -founded,  both  from  the  energy  aspect  [19]  and  general  chemical  premises  [11].  This 
does  not  exclude  the  possibility  of  the  formation  of  a  semi-acetal.  In  point  of  fact,  as  a  result  of  the  rupture 
of  bonds  1  and  2  and  the  formation  of  bond  4  the  complex  (A)  decomposes  into  the  reaction  products,  bond  2 
Is  ruptured  and  the  formation  of  bond  3  converts  it  to  a  semi-acetal. 
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TABLE  2 

Reduction  of  Benzophenone  and  Benzaldehyde  by  Aluminum  kopropoxide  In  kopropyl 
Alcohol 


Carbonyl 

comppupd 

Amount  oflnitial  . 
substance  (fn  mole) 

Solvent 

(ml) 

deuterium  contenjt 

(ill  y  units) 
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II 
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B  *>< 

d  0 

.2  8* 
i  ^ 

B  0 
<  « 

In  the  a-C— H  of 
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alkoxide 

In  the  water 

of  epm- 

busaon 

In  the  C— H 
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cohol  group  I 
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0.02.'') 
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22(50 

1.83 

1 

0.t)27 
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0.02.''> 
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2120 

1.89 

Mean  1.79 

1 

0.027 

0.39 
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1.66 

( 

( 
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0.01.9 
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2.01 

1 
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1.90 

JMeanl.95 

1 

0.0(56 
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0.019 

J  (5>01 

40iJ0 

276 

2210 

1.94 

f 

The  value  of  the  isotopic  effect,  found  by  Dunn  and  Warkentin,  was  2. 0-2. 2.  The  authors  [17]  explained 
the  low  value  of  the  isotopic  effect  by  the  commensurate  values  of  the  rates  of  decomposition  of  C  in  the 
forward  and  reverse  directions.  ‘A  similar  explanation  is  also  jxjssible  for  the  low  values  we  found  for  the  isotopic 
effect.  Comparing  the  results  of  our  experiments  with  the  data  of  Dunn  and  Warkentin  it  is  difficult  to  imagine, 
however,  that  in  three  different  instances  (under  different  conditions)  with  the  participation  of  different  reagents 
the  ratio  of  the  decomposition  rates  of  the  intermediate  complex  in  the  forward  and  reverse  directions  remained 
almost  unchanged.  These  considerations  make  the  explanation  of  the  authors  [17]  of  little  likelihood  and  justify 
the  preference  for  our  explanation  of  the  low  value  of  the  isotopic  effect. 

From  our  data  it  also  follows  that  the  splitting  off  of  hydrogen  from  the  molecules  of  the  reducing  agent 
takes  place  in  the  stage  determining  the  rate  of  the  process. 

In  the  case  of  the  reduction  of  benzophenone  by  sodium  alkoxide  the  determination  of  the  isotopic  effect 
was  complicated  by  the  exchange  process  taking  place  at  the  same  time.  The  fact  that  in  the  experiments  on 
reduction  by  alkoxldes  with  deuterium  in  the  C-D  bonds  the  deuterium  content  in  the  reduction  product  was  very 
close  to  its  total  content  in  the  alkoxide  and  in  the  benzhydrol  after  exchange  indicates  that  the  isotopic  effect 
was  either  absent  or  of  low  value. 

Being  convinced  by  the  results  of  the  1st  series  of  experimaits  that  during  reduction  by  sodium  alkoxldes 
only  the  hydrogen  of  the  C— H  bonds  of  the  reducing  agent  is  transferred  to  the  carbonyl  atom  of  benzophenone, 
without  the  solvent  participating, in  this  transfer  ,we  turned  to  the  elucidation  of  the  role  of  this  process  in  reduc¬ 
tion  by  alcohols  and  sodium. 

•For  a  kinetic  analysis  substantiating  this  hypothesis  see  [26]. 
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TABLE  3 

Reduction  of  Benzophenone  by  Alcohols  and  Sodium 


Amounts  of  initial 
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Tempera- 

Solvent 

lure 

(ml) 

6 

II 

7^ 

0 

0 

CL 

s 

0 

u 

X 

Ul 

0 

< 

A 

Deuterium  content 
(in  y  units) 


o  n 

■§3 

x: « 

<u‘3 

x:  — 


Oo 


■SE 


oii 

c 

s-s 

13 

Se 


3 

a 

(U 

ift.  o 


Reduction 

[product 


Reduction  in  ethyl  alcohol. 


1 

0.055 

1.74 

0.43 

80 

— 

9240 

1083 

6.500 

1  70 

2 

0.055 

1.74 

0.43 

80 

_ 

9240 

1076 

6450 

3 

0.03(1 

0.51 

0.21 

95—100 

}  ''fir 

9240 

1248 

7490 

}  80 

4 

0.030 

0.51 

0.21 

95-100 

924(t 

1227 

73(50 

5 

0.049 

0.17 

0.07 

125-133 

Xylene  . 
(80) 

9240 

tl3 

1360 

15 

Reductior 

in  butyl 

alcoho 

1. 

6 

0.055 

0.43 

0.22 

135-140 

— 

23360 
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The  experiments  were  carried  out  in  the  following  manner.  Small  lumps  of  metallic  sodium  were  added 
gradually  to  boiling  solutions  of  benzophenone  in  heavy  alcohols  RCH20D(R=CH3  and  C3H7).  It  took  1.5-2  hours 
for  4-5  g  of  sodium  to  dissolve  in  butyl  alcohol.  It  dissolved  more  quickly  in  ethanol  The  details  and  the  results 
of  these  experiments  are  given  in  Table  3  Column  9  of  this  table  gives  the  values  of  the  ratio  of  the  deuterium 
content  In  the  hydroxyl  of  the  initial  alcohol  and  the  C— H  bonds  of  the  benzhydrol  carblnol  group,  or  in  the 
methylene  group  of  diphenylmethane,  expressed  as  percentages  We  call  these  values  the  percentage  of  transfer 
of  deuterium  to  the  reduction  product 


According  to  the  data  of  Klages  and  Allendorf  [14],  benzophenone  is  smoothly  reduced  by  boiling  ethyl 
alcohol  and  sodium  to  diphenylmethane  According  to  our  data  (see  above),  reduction  by  sodium  ethoxide  takes 
place  only  at  a  higher  temperature,  giving  benzhydrol.  A  comparison  of  these  facts  indicates  a  difference  in  the 
course  of  both  processes  and,  in  particular,  makes  it  possible  to  conclude  that  under  the  usual  conditions  of  re¬ 
duction  by  ethyl  alcohol  and  sodium  at  80*  hydrogen  is  not  transferred  from  the  C— H  bonds  of  the  alcohol  (or 
alkoxide).  In  accordance  with  this,  as  a  result  of  reduction  by  heavy  ethyl  alcohol  CjHgOD  and  sodium  at  80* 
and  at  95-100*  In  xylene  we  obtained  heavy  diphenylmethane.  The  deuterium  content  in  its  methylene  group 
corresponded  to  0,7-0. 8  of  the  deuterium  content  In  the  hydroxyl  of  the  initial  alcohol  (experiments  1-4,  Table 
3).  When  we  repeated  these  experiments  in  a  mixture  of  alcohol  and  xylene  at  a  higher  temperature  (125-133’), 
instead  of  diphenylmethane  we  obtained  benzhydrol  containing  slightly  more  than  l/7th  of  the  deuterium  In  the 
initial  heavy  alcohol  (experiment  5,  Table  3)  and  with  almost  the  same  content  as  the  benzhydrol  obtained  by 
reduction  with  sodium  ethoxide  (experiment  9,  Table  1).  From  this  it  follows  that  in  reduction  by  ethyl  alcohol 
and  sodium  at  130*  the  transfer  of  hydrogen  from  the  C~H  bonds  of  the  reducing  agent,  not  from  its  hydroxyl 
groups,  plays  the  predominant  role.  The  introduction  of  small  amounts  of  deuterium  into  the  molecules  of  the 
deuterium  formed  should  evidently  be  attributed  to  exchange  taking  place  at  the  same  time. 

In  contrast  to  its  reduction  In  ethyl  alcohol,  when  benzophenone  was  reduced  by  sodium  In  butyl  alcohol 
it  was  found  that  at  100*,  as  at  140*,  the  reaction  product  was  benzhydrol.  The  higher  the  reaction  temperature, 
the  less  deuterium  It  contained.  The  benzhydrol  obtained  at  140*,  I.e.  under  conditions  similar  to  those  for  re¬ 
duction  by  sodium  butoxide  was  nevertheless  far  heavier  than  in  reduction  by  alkoxide  (5000  y  units  of  deuterium 
In  the  C“H  bonds  of  the  carblnol  group  Instead  of  1400-1600  y  units).  The  introduction  of  such  a  large  amount 
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of  deuterium  cannot  be  explained  by  exchange  alone  Neither  can  It  be  explained  by  the  transfer  of  hydrogen 

from  only  the  hydroxyl  groups  of  the  alcohol  with  an  Isotopic  effect  of  H  =  3.4^  because  In  this  case  the 

% 


amount  of  deuterium  transferred  to  the  benzhydrol  must  have  Increased  with  reduction  in  temperature,  whereas 
it  is  known  that  the  Isotopic  effect  increases  with  reduction  in  temperature. 


The  data  obtained  during  reduction  in  butyl  alcohol  must  evidently  be  explained  by  the  parallel  course  of 
two  processes,  reduction  by  alkoxide  and  metallic  sodium.  The  first  process  leads  to  the  transfer  of  hydrogen 
from  the  C-il  bonds  of  the  reducing  agent  to  the  benzhydrol,  while  the  second  leads  to  the  transfer  of  hydrogen 
from  the  hydroxyl  groups  of  the  alcohol.  The  ratio  of  the  rates  of  both  processes  depends  on  the  temperature 
and  the  chemical  nature  of  the  alcohol.  The  Influence  of  temperature  Is  clearly  evident  from  the  results  of 
experiments  In  ethyl  alcohol  whereas  the  Influence  of  the  chemical  structure  of  the  alcohol  is  shown  by  a  com¬ 
parison  of  the  results  of  reduction  at  100*  in  ethyl  and  butyl  alcohols. 

The  formation  of  one  or  another  product  during  reduction  by  metallic  sodium  (depending  on  whether  the 
reaction  is  carried  out  In  ethyl  or  butyl  alcohol)  can  be  tentatively  explained  on  the  basis  of  the  existing  theory 
of  tlie  reduction  of  organic  compounds  by  metals  f  21,  22,  23]  and  the  differences  in  the  rates  of  reaction  of 
sodium  with  benzophenone  and  alcohols.  It  is  known  that  benzophenone  can  react  with  sodium,  forming  very 
reactive  sodium  ketyls  [24].  It  is  also  known  that  sodium  reacts  with  ethyl  alcohol  far  more  rapidly  than  with 
butyl  alcohol.  It  may  be  considered  that  the  reaction  of  sodium  with  alcohol  predominates  during  reduction  In 
ethyl  alcohol.  At  80*  and  lOif  the  reaction  proceeds  as  a  catalytic  hydrogenation  of  benzophenone  on  the 
surface  of  the  metal  [23]  with  the  formation  of  diphenylmethane.  At  a  higher  temperature  (130*)  the  period  for 
which  the  hydrogen  remains  on  the  metal  is  reduced  to  such  an  extent  that  catalytic  hydrogenation  does  not 
have  time  to  take  place  but,  on  the  other  hand,  sodium  ethoxide,  which  reduces  the  benzophenone  to  benzhydrol 
(see  system  B),  rapidly  accumulates  In  the  reaction  mixture.  During  reduction  In  butyl  alcohol  the  rates  of  reac¬ 
tion  of  sodium  with  the  alcohol  and  ketone  are  commensurate.  Reduction  by  sodium  takes  place  via  the  forma¬ 
tion  of  a  sodium  ketyl  according  to  Wilstatter’s  mechanism  [15,22]  and  not  by  catalytic  hydrogenation 


(C„Il5)2CO  +  2Na  (C„Il5)2CNaONa 
(CoH5)2CNaONa  +  2QH90l)  -►  (CoH5)2f"^n)OD  +  2C4HflONa 

The  reduction  product  Is,  therefore,  not  diphenylmethane  but  benzhydrol.  Reduction  by  sodium  butoxide 
according  to  system  (B)  takes  place  simultaneously  with  the  formation  of  "light"  benzhydrol.  The  ratio  of  the 
rates  of  these  two  processes  is  determined  by  the  temperature;  the  lower  the  temperature,  the  lesser  the  degree 
of  participation  of  sodium  butoxide  and  the  heavier  the  benzhydrol  formed. 

In  conclusion  it  is  interesting  to  note  that  a  number  of  empirical  laws  recommended  for  increasing  yields 
during  reduction  by  the  Bouveault-Blanc  method  [7],  namely  the  continued  heating  of  the  reaction  mixture  after 
the  sodium  has  completely  dissolved,  the  addition  of  xylene  to  the  reaction  mixture  and  the  substitution  of 
butyl  for  ethyl  alcohol  are  given  a  rational  explanation  In  the  light  of  the  results  of  our  experiments,  which 
have  shown  the  role  of  sodium  alkoxide  In  reduction  by  alcohols  and  sodium. 


SUMMARY 

1.  The  mechanism  of  the  reduction  of  benzophenone  by  sodium  butoxide,  isoamoxide  and  ethoxide  In 
solutions  of  the  corresponding  alcohols,  labelled  with  deuterium  In  the  hydroxyl  group,  and  also  by  heavy  ethyl 
alcohol  (C2H5OD)  and  butyl  alcohol  (C4H9OD)  and  sodium  was  Investigated. 

2.  Reduction  with  sodium  ethoxide  takes  place  in  a  similar  manner  to  reduction  by  aluminum  alkoxide, 

I.e.  hydrogen  from  the  C~H  bonds  of  the  alcohol  or  alkoxide  Is  selectively  transferred  to  the  carboxyl  atom  of 
the  carbon  of  benzophenone. 

3.  Reduction  by  alkoxides  can  also  play  a  significant  role  in  reduction  by  alcohols  and  sodium.  The 
proportionate  role  played  by  both  methods  during  reduction  by  sodium  In  ethyl  alcohol  depends  on  the  temperature. 
At  80-100*  the  reduction  product  is  diphenylmethane.  It  is  formed  by  the  hydrogen  of  the  hydroxyl  groups  of 

the  alcohol.  At  125-130*  benzhydrol  Is  formed  and  hydrogen  is  preferentially  transferred  from  the  C“U  bonds  of 
the  alcohol  or  alkoxide. 
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4.  During  reduction  by  sodium  in  butyl  alcohol  at  100  and  140*  only  benzhydrol  is  formed.  Its  Isotopic 
composition  indicating  the  parallel  course  of  both  processes. 

5.  The  data  obtained  are  explained  on  the  basis  of  the  contemporary  theory  of  reduction  by  metals. 

6.  The  kinetic  Isotopic  effect  during  the  reduction  of  benzophenone  and  benzaldehyde  by  Isopropyl 
alcohol  In  the  presence  of  aluminum  Isopropoxide  (CD3)^DOH  +  [(CDj)2CDO]3Al  was  determined,  the 
values  being  1.8  and  1.  9,  respectively.  These  data  confirm  the  assumption  that  low  values  of  the  Isotopic 
effect  are  characteristic  for  the  Intramolecular  transfer  of  hydrogen  to  cyclic  transition  complexes. 
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the  synthesis  of  derivatives  of  phenyltrifluoromethyl- 

SULFONE 

L.  M.  Yagupol'skil  and  M.  S.  Marenets 

Institute  of  Organic  Chemistry  Academy  of  Sciences  Ukrainian  SSR 


The  object  of  the  present  work  was  to  obtain  semiproducts  for  the  synthesis  of  azo  and  cyanine  dyes  con¬ 
taining  a  trifluoromethylsulfonyl  group. 

3-Amlno  -4-fluoro-  and  3-amlno-4-chlorophenyltrifluoromethylsulfones  were  obtained  according  to  the 
following  system 
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3-Nitro-4-methoxyphenyltrlfluoromethylsulfone  was  obtained  by  the  action  of  sodium  methoxlde  on  3- 
nltro-4-chlorophenyltrifluoromethylsulfone  and  was  then  reduced  to  the  amine  (A). 


S(),CF., 

OCH., 

(A)' 


In  addition  to  the  above-mentioned  compounds  we  also  synthesized  2-methyl-6-trifluoromethylsulfonyl- 
benzimidazole,  2-methyl-3-phenyl-6-trlfluoromethylsulfonylbenzimldazole  and  2-methyl-5-trifluoromethyl- 
sulfonylbenzothiazole  according  to  the  system  on  the  following  page. 

The  latter  base  was  converted  to  the  quaternary  salt,  from  which  carbocyanine  and  the  styryl  dye  were 
obtained.  Like  other  electronegative  substitutents  —  NOj  [1],  CF3  [2]  —  in  the  5  position  of  the  benzothlazole 
ring  the  CFjS02  group  hardly  changes  the  absorption  maximum  of  thlacarbocyanine.  In  the  styryl  dye  the  CFsSOj 
group  displaces  the  absorption  maxima  25  m^  towards  the  long  waves(see  table).  3-Nitro-4-hydrazinophenyl- 
trlfluoromethylsulfone  was  also  obtained. 
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EXPERIMENTAL 

p-Chlorophenylmethylsulflde  was  obtained  by  replacing  the  amino  group  in  p-aininophenylmethylsulfide 
[3]  by  chlorine  by  the  Sandmeyer  reaction.  The  yield  was  The  b.p.  was  228-229^,  or  104-105’ at  10  mm. 

According  to  literature  data  the  b.p.  is  17?  [4,5]  and  231*  [6].  In  the  latter  case  the  p-chloromethylsulfide 
was  obtained  by  methylating  p-chlorothiophenol. 

Found  S  19.90,  20.05.  C7H7SCI.  Calculated  S  20.18. 

p-ChlorophenyltrlchlOTomethylsulflde.  64.8  g  of  p-chlorophenylmethylsulfide  was  dissolved  in  250  ml  of 
dry  chloroform,  cooled  with  Ice  water  and  dry  chlorine  was  passed  through  the  solution,  exposed  to  an  electric 
light,  until  the  theoretical  increase  In  weight  had  been  attained.  It  was  left  for  one  hour  at  room  temperature. 
The  chloroform  was  distilled.  The  product  crystallized  out.  The  yield  was  96  g  (90%).  After  crystallization 
from  petroleum  ether  the  m.p.  was  59-60*.  (The  compound  is  mentioned  in  the  patent  [7]). 

Found  %:  01  53.95,54.01.  C7H4SCI4.  Calculated  %:  Cl  54.19. 

p-Chlorophenyltrifluoromethylsulfide.  A  mixture  of  80  g  of  p-chlorophenyltrlchloromethylsulflde  and  62  g 
of  sublimated  antimony  trifluoride  was  heated  until  a  reaction  commenced.  The  product  was  distilled  off, 
dissolved  in  ether  and  washed  free  from  antimony  trifluoride  with  6N  HCl.  The  yield  was  46  g  (71%).  The  b.p. 
was  173- 17^^,  coinciding  with  that  given  in  the  patent  [8]. 
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p-Chlorophenyltrifluoromethylsulfone.  19  g  of  p-chlorophenyltrlfluoromethylsulflde  was  added  to  a  solu¬ 
tion  of  36  g  of  chromic  anhydride  In  80  ml  of  acetic  acid;  the  mixture  was  heated  with  a  reflux  condenser  for 
3  hours  on  a  water  bath  and  boiled  for  six  hours  on  a  grid.  The  product  was  steam  distilled,  filtered  and  crys¬ 
tallized  form  methyl  alcohol.  The  yield  was  19  g  (94«)fc) ,  The  m.p.  was  55-56*,  coinciding  with  that  given  In 
the  patent  [8]. 

3-Nltro-4-chlorophenyltrlfluoromethylsulfone  33  g  of  p-chlorophenyltrlfluoromethylsulfone  was  added  at 
50-55*  In  small  portions  and  with  vigorous  stirring  to  a  nitrating  mixture  (13  ml  of  nitric  acid  (d  1.5),  20  ml  of 
HjSO^  (d  1.84)  and  22  g  of  62%  oleum);  the  temperature  was  raised  over  a  period  of  1  hour  to  90-95*  and 
maintained  at  this  temperature  for  1  hour.  The  mixture  was  poured  onto  Ice,  The  product  was  filtered  and 
crystallized  from  methyl  alcohol.  The  yield  was  33  g  (84%).  The  m.p.  was  55-56*. 

Found  %  N  4.65,  4.75.  CTH5O4NSCIF3.  Calculated  %:  N  4.84. 

3-Nitro-4-hydrazlnophenyltrlfluoromethylsulfone.  1.  4  g  of  hydrazine  hydrate  was  added  to  a  solution  of 
2  g  of  3-nitro-4-chlorophenyltrifluoromethylsulfone  in  12  ml  of  alcohol.  The  mixture  became  warm.  The  next 
day  the  product  was  filtered  and  crystallized  from  aqueous  alcohol.  The  yield  was  2  g  (95%).  The  m.p.  was 
139-140*. 

Found  %•  N  14.72,  14.83.  C7H^4N5SF5.  Calculated  %:  N  14.73. 

3-Amlno-4-chlorophenyltrlfluoromethylsulfone.  5  g  of  3-nitro-4-chlorophenyltrlfluoromethylsulfone  was 
dissolved  in  25  ml  of  methyl  alcohol  and  heated  with  a  solution  of  15  g  of  stannous  chloride  In  21  ml  of  con¬ 
centrated  hydrochloric  acid  for  2  hours  on  water  bath.  The  yield  was  3. 8  g  (84%).  After  crystallization  from 
alcoliol  the  m.p.  was  94-95*. 

Found  %;  N  5.58,  5.66.  C7H5O2NSCIF5.  Calculated  %:  N  5.38. 

The  acetyl  derivative  melted  at  115-llff . 

Found  %:  N  4.44,  4.48.  C9H7O3NSCIFJ.  Calculated  %;  N  4.64. 

p-Fluoromethylphenylsulflde.  30  g  of  p-aminophenylmethylsulflde  was  mixed  with  70  ml  of  concentrated 
hydrochloric  acid  and  cooled  to  0";  100  g  of  Ice  was  added  and  the  mixture  was  diazotlzed  with  a  solution  of  18 
g  of  sodium  nitrite  In  36  ml  of  watei.  Dlazonium  borofluoride  was  precipitated  by  the  addition  of  borofluorlc 
acid,  prepared  from  53.4  g  of  boric  acid  and  175  g  of  40%  hydrofluoric  acid.  The  precipitated  dlazonium  boro¬ 
fluoride  was  filtered,  dried  and  decomposed.  The  product  was  steam  distilled,  extracted  with  ether  and 
distilled.  The  yield  was  18  g  (60%).  The  b.p.  was  184-185*. 

Found  %c  5  22.31,22.36.  C7H7SF.  Calculated  %  5  22.53. 

The  product  is  described  In  literature  [9].  It  was  obtained  by  methylating  p-fluorothiolphenol-  Its  b.p.  Is 
given  as  74°  at  10  mm.  An  analysis  was  not  carried  out. 

p-Fluorophenyltrichloromethylsulfide.  This  was  obtained  In  a  similar  manner  to  p-chlorophenyltrichloro- 
metliylsulfide.  ihe  yield  was  90%  The  b.p.  was  107-108°  at  6  mm.  The  compound  Is  mentioned  in  the  patent 
[7].  Its  b.p.  is  given  as  122^  at  18  mm. 

Found  %:  5  13.01,13.42.  C7H45C1^.  Calculated  % :  5  13.2. 

p-Fluorophenyltrifluoromethylsulfide  This  was  obtained  in  a  similar  manner  to  p-chlorophenyltrifluoro- 
methylsulfide.  The  yield  was  75. 5%  The  b.p.  was  138^. 

Found  %t  5  16.38,16.41.  C7H45F4.  Calculated  %:  5  16.32. 

p-Fluorophenyltrlfluoromethylsulfone.  This  was  obtained  in  a  similar  manner  to  p-chlorophenyltrifluoro- 
methylsulfone.  The  yield  was  90%.  The  b.p.  was  196-197°,  the  m.p.  was  3?. 

Found  %;  5  13.71,13.84.  C7H4O25F4.  Calculated  %:  5  14.03. 

3-Nitro-4-fluorophenyltrifluoromethylsulfone.  This  was  obtained  in  a  similar  manner  to  3-nitro-4-chloro- 
phenyltrifluoromethylsulfone.  The  yield  was  78%  The  b.p.  was  133-135*  at  8  mm. 
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diphenylamine  in  25  ml  of  alcohol  was  mixed  with  a  solution  of  15.8  g  of  stannous  chloride  in  15  ml  of  hydro¬ 
chloric  acid  and  boiled  on  a  water  bath  for  3  hours.  The  yield  was  5.45  g  (90.5%).  The  m.p.  was  135-13^. 
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Found  %  :  N  8.99,  9.10.  CijHuOjNzSF,.  Calculated  ‘/o :  N  8.86. 

2-Methyl -3-plienyl-6-trifluoromethylsulfonylbenzlmldazole.  A  mixture  of  2.5  g  of  2-amlno-4-trIfluoro- 
methylsulfonyldlphenylamine,  1.2  ml  of  acetyl  chloride  and  10  ml  of  benzene  was  boiled  for  6  hours.  The 
precipitated  product  was  filtered,  dissolved  in  dilute  hydrochloric  acid  and  precipitated  with  ammonia.  The 
yield  was  2  g  (74.3%).  After  crystallization  from  alcohol  the  m.p.  was  190-191*. 

Found  %:  N  7.98,  8.09.  CisHuOjNjSF,.  Calculated  %:  N  8.23. 

2,2’-Dlnltro-4,4'-blstrlfluoromethylsulfonyldlsulfide.  A  solution  of  sodium  disulfide,  obtained  from  1.2  g 
of  sodium  sulfide ,  0. 16  g  of  sulfur  and  10  ml  of  alcohol,  was  added  to  a  solution  of  3  g  of  4-chloro-3-nltro- 
phenyltrlfluoromethylsulfone  In  8  ml  of  alcohol  and  the  mixture  was  heated  on  a  water  bath.  The  product  was 
crystallized  from  glacial  acetic  acid.  The  yield  was  2. 1  g  (70%).  The  m.p.  was  223-22^. 

Found  %:  S  22.3,  22.35.  Calculated  %:  S  22.37. 

2- Methyl-5-trlfluoromethylsulfonylbenzothlazole.  2. 1  g  of  the  disulfide  was  dissolved  in  12  ml  of  glacial 
acetic  acid  and  reduced  by  the  gradual  addition  of  3.5  g  of  zinc  dust  and  9  ml  of  hydrochloric  acid  (d  1.19).  The 
solution  was  diluted  with  water  and  sodium  acetate  was  added.  The  precipitated  zinc  mercaptlde  was  dried  and 
boiled  with  7  ml  of  acetic  anhydride  for  3  hours.  The  product  was  precipitated  with  ammonia  and  crystallized 
from  aqueous  alcohol.  The  yield  was  1.2  g  (60%).  The  m.p.  was  94-95*. 

Found  %:  N  5.15,  5.25.  CgHeNSjFa.  Calculated  %:  N  4.98. 

3 - Methyl -5 -trlfluoromethylsulfonylbenzothlazole  ethlodlde.  0. 6  g  of  2-methyl-5-trlfluoromethylsulfonyl- 
benzothlazole  and  0.4  g  of  ethyl  p-toluenesulfonate  were  heated  for  4  hours  In  a  sealed  tube  at  140-150*,  dis¬ 
solved  In  water  and  the  Iodide  was  precipitated  by  the  addition  of  an  aqueous  solution  of  potassium  iodide.  The 
yield  was  0. 6  g  (70%). 

5,5*-Bis-trlfluoromethylsulfonyl-3,3' -dlethylthlacarbocyanlne  iodide.  0.3  g  of  2-methyl-5-trifluoromethyl- 
sulfonylbenzothiazole  ethlodlde,  0. 3  g  of  orthoformic  ester  and  2  ml  of  acetic  anhydride  were  boiled  for  45 
minutes.  The  dye  was  filtered  and  was  crystallized  from  methyl  alcohol.  The  yield  was  0. 1  g  (38%). 

Found  %:  1  16.59,  16.43.  C23Hi904N2S4F6l-  Calculated  %:  I  16.79. 

2-p-dlmethylamlnostyryl-5-trlfluoromethylsulfonylbenzothiazole  ethlodlde.  0.2  g  of  2-methyl -5-trifluoro- 
methylsulfonylbenzothlazole  ethlodlde.  0,13  g  of  p-dimethylaminobenzaldehyde  and  3  ml  of  acetic  anhydride 
were  boiled  for  1  hour.  The  dye  was  precipitated  with  ether.  It  was  crystallized  from  alcohol.  The  yield  was 
0.13  g  (50%).  The  m.p.  was  235-236*. 

Found  %  :  1  22.13,22.00.  C20H20O2N2S2F3I.  Calculated  %:  1  22.32. 


SUMMARY 

The  synthesis  of  4-fluoro,-4-chloro-  and  4-methoxy-3-aminophenyltrifluoromethylsulfones  Is  described. 
2-Metliyl-6-trlfluoromethylsulfonylbenzimldazole,  2-methyl -3-phenyl-6-trlfluoromethylsulfonylbenzlmid  azole 
and  2-methyl -5-trlfluoromethylsulfonylbenzothiazole  were  obtained.  Carbocyanine  and  the  styryl  dye  were 
obtained.  Carbocyanine  and  the  styryl  dye  were  obtained  from  the  quaternary  salt  of  2-methyl -5 -trlfluoromethyl- 
sulfonylbenzothiazole.  It  was  found  that  the  absorption  maximum  of  thiacarbocyanlne  with  an  SO2CF3  group  In 
the  5-position  of  the  benzothiazole  ring  does  not  differ  from  the  absorption  maximum  of  the  unsubstituted  dye. 

3-Nitro-4-hydrazlnophenyltrIfluoromethylsulfone  was  synthesized. 
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FROM  THE  FIELD  OF  ORGANIC  INS  EC  TOF  U  NG  IC  ID  ES 

XXXVII.  THE  SYNTHESIS  OF  SOME  MDCED  ESTERS  OF  THIO-  AND 
DITHIOPHOSPHORIC  ACIDS 

Ya.  A.  M  and  el 'baum ,  N.  N.  Mel’nikov  and  P.  G.  Zaks 
Sclentlc  Institute  of  Fertilizers  and  Insectofungicldes 


In  addition  to  esters  of  thlo-  and  dithiophosphOTic  acids  with  the  general  formula  (I)  compounds  with  the 
general  formula  (II)  have  begun  to  be  used  as  means  of  combating  undesirable  plants  [  1.2].  The  compound 
known  under  the  conventional  name  of  ’’acetylurea"  may  serve  as  an  example  of  compounds  of  this  type  which 
which  have  been  studied  in  the  USSR  [3,4]. 

^  /R' 

(  R0)2P— X(CH2),S  R'  (  R0)2P— SCHzCONC 

\r» 

(I)  (II) 

In  connection  with  the  investigation  of  the  relationship  between  the  insecticidal  activity  of  organic  com¬ 
pounds  of  phosphorus  and  their  structure  and  the  search  for  new  contact  and  systemic  Insecticides  which  are 
not  very  toxic  to  warm-blooded  animals  and  man,  we  carried  out  a  special  investigation  on  the  synthesis  of 
mixed  esters  of  thio-  and  dithiophosphoric  acids  with  the  general  formulas  (III),  (IV)  and  (V). 

(GiHsO),?— XCH,GONf  {C2H50)oP— XCH2COOAr  (G2H50)2p^CH2C0SR 

\R/f 

(HI)  (IV)  (V) 

These  compounds  were  synthesized  by  reacting  salts  of  diethylthiophosphoric  and  dlethyldithlophosphorlc 
acids  with  the  corresponding  derivatives  of  monochloroacetic  and  monochlorothloacetlc  acids.  The  reaction 
was  carried  out  in  acetone  with  a  varying  period  of  heating  of  the  reaction  solution.  It  is  interesting  to  note  that, 
as  would  be  expected  on  the  basis  of  works  [5,6]  on  the  tautomerism  of  thiophosphcnrlc  acid,  thionic  isomers  of 
thlophosphorlc  acid  were  obtained  from  salts  of  diethylthiophosphoric  acid  in  all  the  cases  we  investigated. 

The  compounds  we  synthesized  and  their  properties  are  given  in  Table  1.  An  investigation  of  the  contact 
insecticidal  action  on  the  granary  weevil,  carried  out  by  V.  V.  Popov  and  N.  S.  Ukralnets,  showed  that  all  com¬ 
pounds  of  this  type  arc  inferior  to  O,  0-dIcthyl-0,4-nitrophcnylthlophosphate  with  respect  to  their  insecticidal 
activity.  It  is  interesting  to  note  that  the  most  active  contact  insecticide  of  this  group  of  substances  is  0,0- 
dIethyl-O-carbo-4-nitrophenoxymcthylphosphate.  0,0-diethyl-0-dlethylcarbamldomethylthlophosphate  is  a 
fairly  active  systemic  acariclde. 


EXPERIMENTAL 

The  preparation  of  mixed  ethers  of  thio-  and  dithiophosphoric  acids  was  carried  out  under  the  following 
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conditions:  the  dry  salt  of  dlethylthio-and  diethyldlthlophosphoric  acid  and  the  amide  or  ester  of  monochloro- 
acetlc  acid  (or  the  ester  of  monochlorothloacetlc  acid)  were  placed  in  a  flask  with  a  reflux  condenser  and  a 
mechanical  stirrer;  acetone  (120-130  ml  of  acetone  per  0.1  mole  of  the  reacting  substances)  was  added.  The 
reaction  mixture  was  then  boiled  on  a  water  bath  for  5-6  hours.  When  the  reaction  had  finished  the  precipitated 
sodium  (or  potassium)  chloride  was  filtered,  the  acetone  was  distilled  and  the  residue  was  fractionated  under 
vacuum,  after  It  had  been  washed  with  water  and  dried.  Because  certain  amides  with  aliphatic  amines  are  fairly 
readily  soluble  In  water  these  compounds  were  not  washed  with  water  and  after  the  solvent  had  been  distilled 
and  the  residue  separated  they  were  fractionated  under  vacuum.  The  compounds  we  obtained  and  their  properties 
are  given  In  the  table. 


Properties  of  Mixed  Esters  of  Thlophosphorlc  and  Dithlophosphoric  Acids 


Formula 

Bolling  point 
(pressure  In 
mm) 

Yield 

(B*/,) 

P 

% 

"ound 

Jalcu- 

iated 

(G,H5()).,PSOCll.,CON(Cll3|.. 

135-1370  (0.4) 

64 

1.1832 

1.4810 

12.25 

12.15 

(C>n50).,FS()Cll..CON(G.Hr,»-.  * 

147(0.35) 

70 

1.1336 

1.4800 

10.70 

10.85 

(C2H3())2l’SOClL,CONllCon4N02-2 

150—155  (0.3) 

53 

1.3233 

1.5570 

9.25 

8.90 

(G,H50).,l‘S0CH.,C0NHCcIl4N0.,-3 

M.p.  no 

62 

— 

— 

8.80 

8.90 

(G.llsO).l'SOt:n.,CONHCfiIl4NO.,-4 

M.p.  Ill 

75 

— 

— 

8.90 

8.90 

(G2  H  ,iO  i-.rsoc  1 1  ..COOC„l  1 4  N  O2-3 

130(0.3) 

52 

1.2689 

1.5085 

8.90 

8.99 

(G.Hr,()).,rS()Cll.,COOCfiIl4NO.,-4 

160(0.5) 

48 

1.2806 

1.5187 

8.97 

8.89 

(G.  1 1  r,0  ^,1’  soc  1 1  .,CO  0(V,1 1 4(  ;i  -4 

125—135(0.2) 

72 

1.2787 

1..5210 

9.10 

9.20 

(G,Hr,o).rsocn  .co()Cfiii.,r.i,-2.4  •• 

174—177(0.1) 

45 

1..3591 

1..5310 

8.20 

8.30 

(G2H.iOvPSOCll.,COSG>ll5 

133—136(0.3) 

48 

1.2041 

1..50I3 

11.05 

11.40 

( t;.  1 1  r,o) ,  PS  o( :  1 1  ..cosc.„  1 1  r, 

173—175(0.2) 

70 

1.2476 

1..5565 

9.30 

9.70 

((^2H5()M’SociioCOS(:5n4Ci-4 

150—160(0.2) 

66 

1.3141 

1.5670 

8.50 

8.75 

(G2H50)..PSSCn..C0N(Cim. 

4c  «  ♦ 

59 

1.1985 

1.5210 

11.0 

11.40 

( Cj  11  r,0  M  'S  SC  11 2CO  N  ((;,  I  i 

«  «  * 

47 

1.1478 

1.5136 

10.30 

10.35 

(Qjl  1 5O  fcl  ’SSt:  1  l^CO  N 1 1  C,6 1 1 4  N  ( >2-2 

«  ♦  « 

83 

1.2992 

1.5950 

8.20 

8.50 

(C2H'-,0)2PSSCll-.CONlIGoll4NOo-3 

M.p.  102 

93 

— 

— 

8.25 

8.50' 

(Qi  1 1 60>2PSSC  1 1  .,C( )  N 1 1  Co  1 1 4  N  O2-4 

M.p.  112 

84 

— 

— 

8.40 

8.50 

(G.ll50)2PSSCll2C00C,cll4N02-2 

M.p.  66-68 

45 

— 

— 

8.70 

8.49 

1 1  sO  feP  ssc  1 1 2C0  OC.6  n  4  N  O2-4 

^  ♦4t« 

48 

1.3135 

1.5640 

8.65 

8.49 

(Cg  H  5O  feP  SSC 1 1 2CO  OCfi  1 1 4CI  -4 

170(0.15) 

80 

1.2820 

1.5540 

8.75 

8.75 

(C2Jl50bl’SSCIl2COSG.ll5 

140—143(0.1) 

72 

1.1961 

1.5370 

16.65 

10.75 

(CgHaOfePSSCll.COSC^cHs 

*** 

97 

1.2321 

1.5845 

9.50 

9.20 

{C2lG,0)2PSS( 1 1  gCOSCcl  1 4(’l  -4 

♦  ♦  ♦ 

98 

i.::o6() 

1.5890 

8.17 

8.40 

•Thionic  sulfur,  found  10.80%,  calculated  11.20% 
•  •Thionic  sulfur:  found  8.20%,  calculated  8.55% 
•••Not  distilled  without  decomposition  at  0.2  mm. 


SUMMARY 

In  order  to  Investigate  the  relationship  between  the  Insecticidal  action  of  mixed  esters  of  thlo-  and  dl- 
thlophosphorlc  acids  and  their  structure  and  to  find  new  effective  insecticides  a  number  of  mixed  esters  of  thlo- 
and  dltlilophosphoric  acids,  previously  undescribed  in  literature,  were  synthesized. 

It  was  shown  that  the  reaction  of  sodium  and  potassium  diethylthiophosphates  with  amides  and  esters  of 
monochloroacetic  acid  and  monochlorothloacetlc  acid  In  acetone  takes  place  with  the  formation  of  thionic 
Isomers. 
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INVESTIGATIONS  IN  THE  FIELD  OF  DYES  FOR  ACETATE  SILK  AND 
SYNTHETIC  FIBERS 

IL  DISPERSOL  DYE,  DERIVATIVES  OF  l-ALKYLAMINOANTHRAQUINONE-2- 
CARBOXYLIC  ACID  [1]. 

L.  D.  Dashevskaya  and  V.  N.  Uflmtsev 
Scientific  Research  Institute  of  Organic  Semiproducts  and  Dyes 


The  acid  chloride  of  l-nitroanthraquinone-2-carboxylic  acid  (I)  has  two  reactive  groups;  the  chlorine 
atom  in  the  acid  halide  group  and  the  nitro  group  in  the  1-position  of  the  anthraquinone  ring,  capable  of  ex¬ 
change  reactions,  in  particular  with  amino  compounds.  In  the  present  instance,  the  nitro  group  which,  in  general 
is  mobile  in  the  anthraquinone  ring,  is  under  the  positive  activating  influence  of  the  ortho-located  halide  group 
and  is  very  reactive. 


0 


By  reacting  this  acid  chloride  with  aminodiglycol,  HjNCH2CHj0CHjCH20H  the  8”hydroxyethyl-  B-hydro- 
xyethylamide  of  1-(S ’-hydroxyethyl-fl  -hydroxyethylamlno)-anthraquinone-2-carboxylic  acid,  suitable  as  a  pink 
dye  for  acetate  silk  [2],  is  formed. 

In  our  investigation  of  the  reactions  of  the  acid  chloride  of  1-nitroanthraquinone -2 -carboxylic  acid  with 
other  amines  the  reactivity  of  the  nitro  group  in  some  instances  was  found  to  be  appreciably  lower  than  the  ac¬ 
tivity  of  the  halogen  of  the  acid  halide  group.  The  nitro  group  does  not  react  with  diethylamine:  when  the 
latter  is  used  the  faintly  yellow  amide  of  l-nitrQanthraquinone-2-carboxylic  acid  is  formed.  When  this  diethyl¬ 
amide  is  subsequently  treated  with  primary  aliphatic  amine  the  nitro  group  also  reacts  with  die  formation  of 
bluish-red  dispersol  dyes  containing  various  amine  radicals  in  the  1-position  of  the  anthraquinone  ring  and  in 
the  carboxyl  group. 

This  behavicx:  may  be  explained  by  steric  hindrance  due  to  the  carbonyl  group  of  the  anthraquinone  ring. 

It  is  known  that  in  a  number  of  instances  N-disubstituted  a-aminoanthraquinones  fwm  the  far  more  sterically 
hindered  N-monosubstituted  derivatives.  In  this  respect  the  behavior  of  piperidine,  which  readily  reacts  with 
both  the  acid  chloride  and  the  nitro  group  was  found  to  be  somewhat  different. 

The  dispersol  dyes  obtained  from  the  acid  chloride  of  l-nItroanthraquinone-2-carboxylIc  acid  and 
aliphatic  amines  are  pink  or  red  dyes  for  acetate  silk,  similar  to  each  other  as  regards  tint  and  other  properties. 
Because  of  its  comparatively  high  molecular  volume,  the  analogous  dye  with  piperidine  does  not  have  an  affinity 
for  acetyl  cellulose  fiber. 
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EXPERIMENTA  L 


Methylamide  of  l-methylaminoanthraquInone-2-carboxylIc  acid.  1  g  of  the  acid  chloride  of  1-nItroanthrar 
quInone-2-carboxylIc  acid  In  20  g  of  a  2(P]o  aqueous  solution  of  methylamlne  was  heated  In  a  hermetically 
sealed  flask  to  85*;  It  was  stirred  at  this  temperature  for  6  hours,  cooled  to  20*  and  the  red  crystalline  substance 
was  filtered;  the  yield  was  0.95  g,  the  m.p.  was  220-221’  (from  alcohol). 

Found  C  69.10,  69.12;  H  4.81,  4.77;  N  9.21,  9.28.  C17H1P3NJ.  Calculated  C  68.80;  H  4.76; 

N  9.52. 

B  -Hydroxyethylamide  of  1-(B  -hydroxyethylamIno)-anthraquInone-2-carboxylIc  acid.  20  g  of  the  acid 
chloride  of  l-nItroanthraquInone-2-carboxylIc  acid,  20  g  of  monoethanolamlne  and  20  g  of  water  were  heated 
to  85*  and  stirred  for  4  hours  at  this  temperature;  sodium  chloride  was  added  to  the  cooled  solution  and  the  red 
crystalline  substance  was  filtered;  the  yield  was  27.4  g,  the  m.p.  was  222r  (from  alcohol). 

Found  N  8.24,  7.74.  CijH^OsNi.  Calculated  *70 :  N  7.91. 

PIperldIneamIde  of  l°pIperIdInoanthraquInone-2-carboxyllc  acid.  1  g  of  the  acid  chloride  of  1-nltro- 
anthraquInone-2-carboxyllc  acid,  5  g  of  piperidine  and  15  ml  of  water  were  heated  and  stirred  for  6  hours  at 
85* ;  when  It  had  cooled  the  brown  crystalline  substance  was  filtered;  the  yield  was  0.85  g,  the  m.p  was  179- 
180*  (from  alcohol). 

Found  N  6.70,  6.76.  Calculated  <7o  :  N  6.  96. 

Diethylamide  of  l-nitroanthraquInone-2-carboxylIc  acid.  1  g  of  the  acid  chloride  of  1-nItroanthraquInone- 
2-carboxylIc  acid.  1  g  of  the  acid  chloride  of  1-nltroanthraquInone -2 -carboxylic  acid,  5  g  of  diethylamine  and 
15  ml  of  water  were  heated  and  stirred  for  6  hours  at  70*;  when  It  had  cooled  the  almost  colorless  crystalline 
substance  was  filtered;  the  yield  was  0.98  g,  the  m.p.  was  234-235*  (from  acetic  acid  and  then  from  Isobutyl 
alcohol). 

Found  %;  C  65.06,  65.24;  H  4.43.  4.70;  N  8  25,  8  21  CijHi^sN,.  Calculated  <55) :  C  64.80;  H  4. 55; 

N  7. 97. 

Diethylamide  of  l-methylamlnoanthraqulnone  -2  -  carboxylic  acid.  1  g  of  the  diethylamide  of  1-nItro- 
anthraquinone  -2-carboxylIc  add  ,  and  10  g  of  a  20%  aqueous  solution  of  methylamlne  were  heated  and 
stirred  for  5  hours  at  85*,  a  further  10  g  of  the  20%  methylamlne  solution  was  added  and  the  mixture  was  stirred 
for  another  2  hours  at  85*;  when  it  had  cooled  the  red  crystalline  substance  was  filtered;  the  yield  was  0.95  g, 
the  m.p.  was  112-112^  (from  aqueous  alcohol). 

Found  %:  N  8.44,  8.57.  CjoH^QiNi .  Calculated  %:  N  8.33. 

Diethylamide  of  1-©  -hydroxyethylamIno)-anthraquInone-2-carboxylIc  acid.  1  g  of  the  diethylamide  of 
l-nltroanthraquinone-2-carboxylic  acid,  5  g  of  monoethanolamlne  and  15  ml  of  water  were  heated  and  stirred 
for  6  hours  at  85* ;  when  it  had  cooled  the  red  crystalline  substance  was  filtered;  the  yield  was  0.8  g,  the  m.p. 
was  IO6-IOT  (from  aqueous  alcohol  X 

Found  %  N  7. 39,  7. 33.  C2iH2P4N2.  Calculated  % ;  N  7. 60. 


SUMMARY 

1.  The  reactions  of  the  acid  chloride  of  l-nItroanthraquInone-2-carboxylIc  acid  with  certain  aliphatic 
amines  and  piperidine  were  Investigated. 

2.  The  investigated  primary  amines  and  also  piperidine  react  both  with  the  acid  chloride  group  and  the 
nitro  group  whereas  diethylamine  reacts  only  with  the  acid  chloride  group.  When  reacted  with  primary  aliphatic 
amines, the  diethylamine  of  l-nitroanthraquinone-2-carboxylic  acid  formed  in  the  latter  instance  exchanges  Its 
nitro  group  for  a  monoalkylamine  group. 
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COMPARISON  OF  THE  COLOR.  REFLECTION  AND  ABSORPTION 
SPECTRA  OF  ARYLAMIDES  OF  3.5-AND  2 . 4 -D  IN  IT  ROB  EN  Z  O IC  ACIDS 

E.  A  S  mlrnov 

I.  M.  Gubkin  Moscow  Petroleum  Institute 


We  made  a  detailed  examination  of  color  phenomena  associated  with  arylamides  of  2,4-dinitrobenzofc 
acid  and  also  their  reflection  and  absorption  spectra  in  one  of  our  previous  communications  [1],  We  investigated 
color  phenomena  associated  with  3,5-dinItrobenzoIc  acid  previous  to  this  [2],  but  only  on  the  basis  of  visual 
observations.  The  present  paper  gives  the  reflection  and  absorption  spectra  of  3,5-dInItrobenzoyl  derivatives 
and  compares  them  with  the  corresponding  spectra  of  derivatives  of  2,4-dlnitrobenzoyl  derivatives.  The  color 
of  both  series  of  compounds,  observed  visually,  is  also  compared. 

Visual  Observations  and  Reflection  Spectra 

As  may  be  seen  from  the  data  of  Table  1  (Expt  No.  2  and  3),  in  the  majority  of  cases  analogous  represent¬ 
atives  of  both  of  the  investigated  series  of  compounds  are  similar  in  color.  For  example,  compounds  with  a  p- 
OCHj  group,  examined  in  powder  form,  have  an  orange-yellow  color,  difficult  to  distinguish  visually  (  in  the 
crystalline  form  the  2,4-dInitrobenzoyl  derivative  has  a  somewhat  deeper  color).  Compounds  with  a  p-OH 
group  are  also  close  in  color.  In  this  connection  It  Is  Interesting  to  note  that  in  both  series  of  compounds  the 
derivatives  with  a  p-OH  group  have  a  somewhat  deeper  color  than  representatives  containing  a  P-OCH3  group 

(this  is  particularly  noticeable  in  compounds  in  the  crystalline  form) 
in  spite  of  the  fact  that,  in  general,  the  OH  group  has  more  powerful 
electron -donor  properties  than  the  OCH3  group,  and  compounds  with 
an  OH  group  are  generally  colored  deeper  than  analogous  compounds 
with  an  OCH3  group.  In  the  crystalline  form,  both  representatives  with 
p-N(CH3)  group  are  deep  red,  almost  black,  the  2,4-dInItrobenzoyl 
derivative  being  appreciably  darker.  In  powder  form  they  are  red- 
brown,  the  3,5-dinitrobenzoyl  derivative  having  a  brighter  color. 
Compounds  with  a  m-KCH3)  group  each  give  forms  with  two  different 
colors;  in  this  connection  both  forms  of  the  3,5-dinitrobenzcyl 
derivative  have  a  somewhat  deeper  color  than  the  corresponding  forms 
of  the  2,4-dInltrobenzoyl  derivative,  this  being  particularly  appre¬ 
ciable  in  the  deeper-colored  form.  Compounds  with  a  m-OH  group 
are  very  markedly  different  in  color:  the  2,4-dinitrobenzoyl  derivative 
is  light  yellow  while  the  5,5-dinitrobenzoyl  derivative  is  almost  color¬ 
less  The  almost  complete  absence  of  a  visible  color  in  the  latter 
^  compound  Is  somewhat  unexpected.  In  the  case  of  representatives 

with  a  m-C)CH3  group, the  3,5-dinitrobenzoyl  derivative  is  the  most 
Fig.  1.  Reflection  spectra  curves.  deeply  colored. 


1  —  3.5-(0,N)jC.lI,00NnC,Il40H-m; 

2  —  2.4-(<),N).C,ll,CONM<J,ll4()ll-m: 

a  —  3.5-((),N),C,ll,C()NUC,ll4N(CH.>.m: 
*  —  2,4-(0,N),C,li,C()NllC..ll4N(Cll,;,’m: 
—  l3,^-(»>,N),C,H,OONi{.+ 

6  —  [3. N),0,lliC()Nli,-f 
+CH .CONllC.tl4N(CH.), -m). 


Figs.  1-3  give  the  reflection -spectra  curves  of  the  Investigated 
compounds.  From  these  diagrams  it  can  be  seen  that  with  the  presence 
of  a  m-N(CH3)  or  m-CX3Hs  group  in  the  compound^ the  reflection 
spectra  curves  of  3,5-dinitrobenzoyl  derivatives  (Fig.  1,  curves  3  and 
4;  Fig.  2,  curves  1  and  2)hr(Ue  a  more  bathochromlc  location;  on  the 
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other  hand,  with  the  presence  of  a  m-OH  group  the  curve 
of  2,4-dinItrobenzoic  acid  (Fig.  1,  curves  1  and  2)  has  a 
more  bathochromic  location  .  This  corresponds  to  the 
relative  depth  of  color  of  the  indicated  compounds,  observed 
visually.  In  the  case  of  compounds  containing  an  electron- 
donor  group  in  the  para -position, the  curves  of  the  3,5-dl- 
nltrobenzoyl  derivatives  Jn  all  instances  intersected  the 
curves  of  the  corresponding  2,4-dinitrobenzoyl  derivatives; 
at  times  this  makes  it  difficult  to  decide  which  of  the 
compounds  has  the  deepest  color.  In  general,  the  upper 
"horizontal"  part  of  the  curve  is  located  higher  in  the 
former  than  in  the  latter.  This  evidently  matches  the 
brighter  color  of  the  3,5-dinitrobenzoyl  derivatives.  As 
regards  the  ascending  branch  of  the  curve,  the  relative 
position  of  which  mainly  determines  the  depth  of  color  of 
the  corresponding  compounds,  the  following  picture  is 
found:  in  compounds  with  a  p-OH  group  a  oonaiderable 
part  of  the  ascending  branch  of  the  curve  (up 
to  the  point  of  intersection)  has  a  more  batho¬ 
chromic  location  in  the  3,5-dinitrobenzyol  derivatives 
which  also  has  a  somewhat  deeper  color  when  visually 
observed  (Fig.  3,  curves  1  and  2).  In  the  case  of  represent¬ 
atives  with  a  p-NfCHs)  group,  on  the  other  hand,  a  con¬ 
siderable  part  of  the  ascending  branch  of  the  curve  (above 
the  point  of  intersection)  has  a  more  bathochromic  location 
In  the  2,4-dInitrobenzoyl  derivative  and  only  the  lower 
smaller  part  of  the  curve  has  a  more  bathochromic  location 
in  the  3,5-dinitrobenzoyl  derivative  (Fig.  3,  curves  3  and  4). 
In  this  case  the  2,4-dinitrobenzoyl  derivative  has  a  deeper 
color.  The  relative  location  of  the  reflection  curves  in  the 
case  of  compounds  with  a  P-OCH3  group  suggests  a  some  - 
what  different  picture  to  that  just  considered:  in  this  case 
a  considerable  part  of  the  ascending  branch  of  the  curve 
also  has  a  more  bathochromic  location  in  the  2,4-dinitro¬ 
benzoyl  derivative  (Fig.  2,  curves  3  and  4);  this  evidently 
also  agrees  with  the  fact  that  this  compound  has  a  deeper 
color  than  the  analogous  3,5-dinitrobenzoyl  derivative 
(when  the  compounds  are  examined  In  powder  form  this 
difference  is  difficult  to  detect  by  visual  means). 

Absorption  Spectra 

Figs.  4-6  give  the  absorption-spectra  curves  of  3,5- 
dlnitrobenzoyl  derivatives  and  the  corresponding  curves  of 
the  2,4-dinitrobenzoyl  derivatives.  Both  sets  of  curves 
have  a  clearly  expressed  short-wave  maximum  which  in 
the  case  of  the  3,5-dinitrobenzoyl  derivatives  generally 
has  a  greater  intensity  and  is  displaced  In  the  direction 
of  the  shorter  waves  compared  with  the  maximum  of  the 
corresponding  2,4-dinitrobenzoyl  derivatives.  In  the  case 
of  the  3,5-dinitrobenzoyl  derivatives  the  long-wave  band, 
which  enters  the  visible  part  of  the  spectrum,  also  has  a 
somewhat  greater  absorption  intensity  in  all  instances  but 
is  narrower  than  in  the  2,4-dinitrobenzoyl  derivatives;  in 
the  3,5-dinitrobenzoyl  derivatives  the  lower  ascending 
branch  of  the  curve,  which  characterizes  the  absorption  of 


lOQi — light  In  the  visible  part  of  the  spectrum.  Is,  therefore,  always  located 
*  more  hypsochromlcally  than  In  the  2,4-dInItrobenzoyl  derivatives. 

^  ^  Judging  the  relative  depth  of  color  of  the  investigated  compounds 

!  jX  from  the  position  of  the  ascending  branch  of  the  curve,  characterizing 

u  the  absorption  of  visible  light,  it  Is,  therefore,  found  that  in  solution 

60  3  all  representatives’ of  the  3,5-dInIttobenzoyl  series  are  always  less 

^  /  deep  In  color  than  the  isomeric  compounds  of  the  2,4-dInItrobenzoyl 

f  series.  As  already  mentioned  above.  In  the  case  of  substances  In  the 

J  solid  state  no  such  regularity  Is  observed  and  the  3,5-dinItrobenzoyl 

derivatives  are  sometimes  more  deeply  colored  than  the  correspond- 
''  Ing  representatives  of  the  2,4-dInItrobenzoyl  series.  This  difference 

in  the  relative  depth  of  color  between  substances  In  solid  form  and 

- 1 - ^ - 1 - 1 -  In  solution  may  be  considered  as  a  proof  that  in  the  Investigated 

‘fSO  500  550^  MO  650  700  compounds  equimolecular  forces  take  part  In  the  reaction  between 

*  the  electrophilic  and  electron-donor  systems,  which  is  the  main 

Fig.  2.  ReflectIon-«pectra  curves.  factor  determining  their  color  [3]. 

The  possibility  of  an  exomolecular  reaction  between  electro- 

sT  2.4-(0,N),CiHiC()NHC,H40CHi-rrt  ^  i 

3)  3.5-(0,N),c,iiiCONHC.H«oCiii-p:  phlllc  and  electron -donor  systems  In  the  case  of  the  dlnltrobenzoyl 

2,4-(0,N),C,ll, CON  110,11 4OCH, ^  ^  ^ 

'  derivatives  Is  also  Indicated  by  the  following  fact:  in  the  solid  form 

the  complexes  we  obtained  from  3,5-dlnitrobenzamIde  and  acetylated 
amines,  containing  an  additional  electron -donor  group  (A) 

_ ,  fCH3CONHC5H4A,  where  A  =  OCH3,  OH,  N(CH3)2],  i.e.  from  com- 

^  - -r'  pound  having  electrophilic  and  electron -donor  systems  analogous 

/"  such  dlnltrobenzoyl  derivatives,  have  a  color  which  Is  fairly 

lyf  /  similar  to  that  of  the  latter  [2].  In  addition  to  the  reflection-spectra 

K  .•  curves  of  3, 5 -dlnltrobenzoyl  derivatives  Figs.  1-3  give  the  reflection- 

SO  /  /S  spectra  curves  of  their  corresponding  complex  compounds.  In  general, 

c;  I  /  the  latter  have  a  more  bathochromic  location  than  the  former. 

/'  /  i 

kO  h  /  /  As  regards  the  maximum  of  the  long-wave  isorption  band,  in 

/  /  h'  /  series  of  Investigated  compounds  it  is  indistinctly  expressed 

/  /A  and  In  nearly  all  cases  its  position  can  only  be  determined  approx - 

^  Imately;  at  320-325  nyj  in  compounds  containing  an  OH  or  OCH3 

para -position  and  at  300  mp  in  compounds  containing 
^50  500  550  600  650  700  same  groups  in  the  me ta -position.  In  compounds  with  a  m-N- 

A  mji  CH3)2  group  this  maximum  is  expressed  very  indistinctly;  on  the 

other  hand,  in  compounds  containing  the  same  group  In  the  para- 
Flg.  3.  Reflectlorh spectra  curves  position  it  Is  shown  most  clearly,  particularly  in  the  case  of  the  2,4- 

dlnltrobenzoyl  derivative,  where  its  position  can  be  determined  with 

1  —  3.5-(0,N),C,ll,C0NHC,n40H-p;  ,  ^  . 

2  -  2.4-(o,N),c,n,coN»c.ii,on-p;  Complete  accuracy  (400  mu). 

3  —  3,5-(0,N),C,ll,CONllC,ll4N(OII,),p  ; 

*  ~  V— addition  to  the  two  above-mentioned  absorption  bands  all 
6  — *^[3'5-Vo,NV*c,Mlcoj5H,+  curves  of  compounds  containing  an  electron -donor  group  (A) 

+cii,coNHC,U4N(CH,),-p).  in  tjie  meta-position  also  have  a  small  projection  located  between 

them.  In  the  3,5-dinitrobenzoyl  derivatives  this  projection  Is  much 
less  pronounced  than  in  the  2,4-dinitrobenzoyl  derivatives.  It  is 
most  clearly  expressed  in  compounds  with  a  m-N(CH3)2  group. 

It  Is  interesting  to  note  that  there  Is  a  clearly  expressed  maximum  (306  mji)  in  this  region  in  the  curve  of 
a  3,6-dinitrobenzoyl  derivative  containing  a  N(CH3)2  group,  in  the  para -position. 

A  comparison  of  the  absorption  curves  of  3,5-dinitrobenzoyl  derivatives  with  the  composite  curves,  plotted 
on  the  basis  of  the  sum  of  the  absorption  of  two  individual  components,  one  of  which  contains  an  analogous  elec- 
phlllc  group  [3,5-(02N)2C^3C0NH2],  and  the  other  an  analogous  electron -donor  system(CH3CONHC5H4A) 
shows  that,  as  In  the  case  of  the  2,4-dInItrobenzoyl  derivatives,  both  curves  are  considerably  different  from  each 


itSO  500  550  600  650  700 
A  mjt 

Fig.  3.  ReflectIor>- spectra  curves 

1  —  3.5-(0,N),C,ll,C0NHC,n40H-p; 

2  —  2.4-(0,N),C,H,C0N»C,ll40H-6; 

3  —  3,5-(0,N),C,ll,CONllC,ll4N(OII,),p  ; 

4  —  2,4-(0,N),C4H,C0NllC,H4N(CH,),-n; 

6  —  l3.5-(0,N),C,njCONH,-f 
CH,CONH(\H4t»ll-p 
6  —  [3,5-(0,N),C,lljCONH,+ 
+Cll,CONHC,U4N(CH,),-p). 
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Fig.  4.  Absorption-spectra  curves. 

(a)  i)  3,5-(0,N),C,lI*C0NHC.Ilj0H-p:  z) 
3,4-(0,N),c,H.C0Niic,ii«0H-p;  3)curve of  the  suiTi  of  the  absorp¬ 
tions  :  3,5-(0,N),C,H.CONlI,-t-CHtC0NHC,H4yH-n;(b)/) 
3,5-(0,N),C,H,C0NHC,n40CHj-p,  z)  ^  ' 

2,4-(0  ,N  ),C4H  ,C0N  11C,H  40Cn,-p 


Other  (Figs.  4-6).  In  both  series  of  compounds  this 
difference  is  shown  primarily  in  a  broadening  of  the 
long-waveband  as  a  result  of  which  the  absorption 
boundaries  in  the  visible  part  of  the  spectrum  are 
strongly  displaced  towards  the  longer  waves;  the 
absorption  intensity  increases  simultaneously.  In 
general,  the  values  of  the  displacements  of  the  ab¬ 
sorption  boundary  are  always  somewhat  less  for  the 
3,5-dinitrobenzoyl  derivatives  than  for  the  correspond¬ 
ing  2,4-dInItrobenzoyl  derivatives;  for  analogous 
compounds  of  both  series  they  are  always  greater  when 
an  electron -donor  group,  located  In  the  para-position, 
is  present,  particularly  in  the  case  of  compounds  with 
a  p-N(CH3)^group. 

The  appreciable  difference  of  the  absorption 
spectra  curves  of  both  the  2,4-  and  3,5-dInItrobenzoyl 
derivatives  from  their  corresponding  composite  curves 
leads  to  the  conclusion  that  In  both  series  of  com¬ 
pounds  the  reaction  between  the  electrophilic  and 
electron -donor  systems  can  be  effected  intramolec- 
nlarly,  along  a  chain,  as  well  as  intermolecularly. 

The  former  Is  possible  owing  to  the  fact  that  the 
CONH  group  is  capable  of  tautomerism  [1],  which 
causes  the  appearance  in  the  compound  of  a  contin¬ 
uous  conjugated  chain  of  double  bonds,  serving  as 
a  conductor  of  electron  displacements  (I  and  II). 
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r//  V 
0  0 


In  the  case  of  2,4-dinitrobenzoyl  derivatives  containing  an  electron -donor  group  in  the  para-position, 
groups  of  opposing  character  ”  electrophilic  (NOj)  and  electron -donor  (A)  are  found  to  be  located  at  the 
ends  of  the  conjugated  chain  formed  In  this  way.  This  results  In  the  possibility  of  electron  displacement  along 
the  whole  length  of  the  chain,  from  the  electron-donor  group  to  the  electrophilic  group  (I).  In  the  case  of 
the  3,5-dInItrobenzoyl  derivatives  none  of  the  nitro  groups  forms  the  end  of  the  conjugated  chain  and  these 
groups  can,  therefore,  only  exert  an  Inductive  influence  on  the  electron  displacements  along  the  chain  (caused 
by  the  presence  of  a  para -electron -donor  group);  this  influence  is  due  to  the  appearance  of  a  positive  charge  on 
the  carbon  atoms  located  In  the  ortho  position  with  respect  to  the  CO  group  (II).  As  a  result  the  curves  of  the 
3,5-dinitrobenzoyl  derivatives  with  an  electron -donor  group  in  the  para-position  are  always  more  hypsochromic- 
ally  located  than  the  curves  of  the  corresponding  2,4-dinitrobenzoyl  derivatives. 

Both  in  the  2,4-  and  3,5-dinitrobenzoyl  series  of  derivatives,  when  a  meta-located  electron -donor  group 
Is  present,  this  group  does  not  form  the  end  of  a  conjugated  chain  and  can  only  exert  an  inductive  influence  on 
the  electron  displacements  taking  place  in  the  latter,  owing  to  the  appearance  of  a  negative  charge  on  the  carbon 
atom  located  in  the  ortho^osition  with  respect  to  theNH-group.  The  absorption  curves  of  the  corresponding 
compounds  are,  therefore,  always  located  more  hypsochromically  than  the  curves  of  the  Isomers  containing  the 
same  groups  in  the  para -position.  The  possibility  of  the  direct  influence  of  the  nitro-groups  (field  effect)  on  the 
electron  displacements  taking  place  in  the  chain  must  also  be  taken  into  consideration.  The  latter  can  appear  in 
both  the  2,4-  and  3,5-dInItrobenzoyl  derivatives  regardless  of  the  position  in  which  the  additional  electron -donor 
group  is  located. 
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(3)  i)  - -  ....  — 

2,4-(0,N)fC«HiCONHCeH4N(Cii,),-p;  3)curveof  the  of  the  absorp¬ 
tions:  3.5-{0,N),C,H,CONHH  CH,CONllC.ll4N(Cll,),-P; 

(b),/)  3.5-(0,N),C,li,CONHC,ll4N(CH,),-rn 

,  .«)  2.WQ,N).CJH,C0N^C,H4N(CH,),^T1; 

3)curve  of  the  sum  of  theaDsorpiiore3,5-(o,N),c,ii»cONn,+ 

+CH  .CONllUiH  4N(CH  ,),-ni 
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Fig.  6.  Absorption-spectra  curves. 

(«)  vt) 


.  ^  3.5-(0,N),C.II,C0NHC.H40II-ni  , 

23 .  2,4-(UiN),C4ii,C()NHC4ii40H-ni  3)curve 


.  2/  2,4-(0,N),C.lliC()NllC4H4t>H-“| 

of  the  sum  of  the  absorptions  :  3,5-(o,N),c»HtCONH,H 


.  .  +i;h,coniic4H4()H- m; 

(b)  /)  3,5-(O,N),C,ll,C0NHC«li40CH,-m; 

i)  2,4-(0,N),C*tiiC0NHC,H40CH,-m. 


The  Influenc e  of  the  Introduction  of  a 
Second  Nitro  Group  In  Aryl  Amides  of 
3-Nitrobenzolc  and  4-Nltrobenzolc  Acids 
On  the  Color  of  the  Substance 

As  we  have  previously  established  [1],  In  the 
majority  of  cases  the  introduction  of  a  second  NO^ 
group  in  the  molecule  of  a  4-nItrobenzoyl  derivative 
(In  the  2 -position)  leads  to  a  deepening  in  the  color 
of  the  compound  and  a  bathochromic  displacement 
of  the  reflection-spectrum  curve,  the  effect  being  great¬ 
est  when  a  p-NfCHjjj group  Is  present  In  the  compound; 
sometimes,  however,  when, for  example,  a  p-OH  or 
m-OCHj  group  Is  present  In  the  compound,  the  opposite 
effect  Is  also  observed,  i.e.  the  introduction  of  a  second 
nitro  group  causes  an  Increase  In  the  color  and  the 
reflection  spectrum  curve  is  displaced  hypsochromically. 
In  all  cases,  however,  the  absorption  spectrum  curves 
undergo  a  bathochromic  displacement  as  a  result  of 
this  Introduction.  In  solution,  all  the  2,4-dinItro- 
benzoyl  derivatives  therefore  have  a  deeper  color  than 
the  corresponding  4-mononltro  compounds,  in  contrast 
to  their  appearance  In  the  solid  state. 

In  almost  all  cases  the  Introduction  of  a  second 
nitro  group  in  the  molecule  of  the  3-nitrobenzoyl 
derivative  (in  the  5-positIon)  Is  accompanied  by  a 
deepening  in  the  color  of  the  compounds  (Table  1) 
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and  the  bathochromlc  displacement  of  the  reflection-spectrum  curves  (Figs.  7.  8,  9)  and  absorption  spectrum 
curves  (Table  2.).  A  compound  with  a  m-OH  group  forms  the  sole  exception;  with  the  presence  of  two  nitro 
groups  in  it  a  compound  of  this  type  is  found  to  be  less  deeply  colored  than  the  corresponding  mononltro  com- 
poutld  and  the  reflection-spectrum  curve  corresponding  to  it  is  displaced  hypsochromically  with  respect  to  the 
reflection-spectrum  curve  of  the  mononltro  derivative  (Fig.  7).  We  believe  that  as  in  the  case  of  the  2,4-dinltro- 
benzoyl  derivatives,  the  cause  of  this  must  be  sought  in  the  complexity  of  the  reaction  conditions  of  the  elec¬ 
trophilic  and  electron -donor  systems,  the  reaction  taking  place  both  intramolecularly  along  the  chain  and 
also  by  means  of  exomolecular  forces  The  latter  can  only  be  developed  to  the  full  extent ,  however,  in  a  sub¬ 
stance  in  the  solid  state;  in  solutions,  particularly  in  the  very  dilute  ones  used  in  spectral  analysis,  the  exomolec¬ 
ular  reaction  is  either  considerably  or  completely  disturbed  To 
illustrate  this  point  (with  reference  to  the  case  in  question)  Fig.  10 
shows  the  absorption-spectrum  curves  of  the  complex  formed  by 
3,5-dinltrobenzamide  and  4-acetaminodimethylaniline,  i.e.  com¬ 
pounds  having  the  same  electrophilic  and  electron -donor  systems 
as  the  corresponding  3,5-dinitrobenzoyl  derivative.  These  curves 
were  determined  at  comparatively  high  concentrations  (10"*  and 
3‘10“*  mole)  Fig.  10  gives  both  the  curves  corresponding  to  the 
individual  components  of  the  complex  and  the  composite  curve 
obtained  on  the  basis  of  the  sum  of  the  absorptions  of  these  com¬ 
ponents.  From  the  curves  given  it  can  be  seen  that  even  with  a 
comparatively  high  solution  concentration  (3-10"*  mole)  the  ab¬ 
sorption  of  light  in  the  visible  part  of  the  spectrum  corresponding  to 
the  complex  (lower  "horizontal"  branch  of  the  curve)  is  very  slight 
As  a  result  of  the  dilution  of  the  solution  with  three  parts  of  water 
this  absorption  is  still  further  reduced  and  in  the  case  of  extremely 
dilute  solutions  (10"*  and  10”^  mole)  it  must  naturally  be  com- 
Flg.  7.  Reflection-spectrum  curves.  pletely  absent 


I  —  3-0,NC,H,CONHC,H«OH-m; 

J  —  3.b-{0,N),C,H,C0NHC«H«0H-m; 

J  —  3-0,NC,H4C0NHC,U«N(CH,),m. 

4  —  3,5-(0,N),C«ll«C0NHC,ll«N(CH,),ni 


Any/ 


Fig.  8.  Reflection-spectrum  curves. 


l  —  3-0,NC,M4G0NHC,H«0CH,-m; 

?  -  3,5-(0,N),C,H,C0NUC,H40CH,-m; 

3  —  3-0,NC»H4CONHC,H«<)CH,-p: 

4  —  3,.‘>-(O.N).C4HiCUNHC,ll«OCli(-p. 


Finally,  the  following  fact  must  be  taken  into  consideration: 
the  exomolecular  reaction  can  sometimes  be  disturbed  in  the  sub¬ 
stance  in  the  solid  state  also,  this  process  generally  leading  to  the 
formation  of  a  colorless  form.  We  were  obliged  to  deal  with  facts 
of  this  type  on  a  previous  occasion  f4].  It  is  possible  that  in  the 
case  in  question,  i.e.  with  compounds  containing  an  OH  group  in 
the  meta-position,  we  are  dealing  with  a  similar  type  of  phenomenon. 
The  slight  visible  color  of  this  compound  is  due  to  the  possibility 
of  the  reaction  of  chromophoric  systems  along  the  chain,  which  in 
the  presence  of  either  a  nitro  or  OH  group  in  the  meta-position  is 
naturally  accompanied  by  only  a  very  insignificant  optical  effect. 

Table  2  gives  the  values  of  the  displacements  of  the  reflec¬ 
tion  and  absorption-spectrum  curves  and  the  short-wave  maximum 
of  light  absorption,  observed  as  a  result  of  the  introduction  of  a 
second  NO2  group  in  the  3-nitro  and  4-nitrobenzoyl  derivatives 
in  the  5  and  2  positions,  respectively.  From  the  data  of  this 
table  it  can  be  seen  that  for  substances  in  the  solid  form  (reflec¬ 
tion-spectrum  curves)  a  more  powerful  effect  from  the  introduction 
of  a  second  NO^  group  is  observed  in  some  cases  in  the  first  series 
of  compounds  while  in  others  it  occurs  in  the  second,  the  maximum 
values  being  attained  in  compounds  containing  the  most  powerful 
electron -donor  group  N(CH3)2.  This  effect  is  sometimes  negative 
(hypsochromic),also  For  substances  in  the  dissolved  state  the 
displacement  of  the  absorption  curves,  observed  as  a  result  of  tlie 
conversion  of  the  mononltro  compounds  to  the  corresponding  di- 
nltro  derivatives,  is  always  positive  (bathochromlc)  being  nearly 
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always  greater  In  the  series  of  3,5-dinltrobenzovI  derivatives  On  the  other  hand,  in  both  series  of  compounds 
the  short-wave  maximum  Is  nearly  always  displaced  hypsochromically. 


Spectral  Measurements 

We  measured  the  absorption  spectra  in  a  Beckmann  spectrophotometer.  Alcohol  (rectified)  and  acetone 
were  used  as  the  solvent.  Both  solvents  were  distilled  in  a  column,  the  acetone  being  distilled  after  first  drying 
over  potash.  The  more  dilute  solution  (10  and  10"^  mole)  were  prepared  In  alcohol,  the  more  concentrated 
ones  (05  10"*  mole)  in  acetone. 

The  reflection  spectra  were  measured  in  the  apparatus  described  by  E.  V.  Shpol'skll  [5].  The  details  of 
the  measurements  were  given  by  us  previously  [6]. 


f)  3-0,NC,II«C0NHC,H«0H-P: 

S)  3,5-(0,N),C,H,C0NHC,H«0H-P; 

3)  3-<),nc,h,conhc,H4N(CH,),-T: 

■t)  3,b-(0,N),C,ll,C0NHC,H«N(CH,),-  p. 


l)  13,5-(0,N),C.H^0NH,+ 
-fCH.CONHC,H4N(CH,),?),  3  •  10"*  M.; 
f)  [3,5-(0,N),C4il.C0NH,-^ 
+CHiCONHC4H«N(CH4),-p],  I0-*  M.; 

3)curvyf  .?5fSPptfons  4  and  5, 

rd  CH4CONHC4H«N{CH,),-p. 


TABLE  2 


Displacement  (in  m^j)  of  the  Reflection  and  Absorption  Spectrum  Curves  in  the  Short-Wave 
Absorption  Maximum  as  a  Result  of  the  Litroduction  of  a  Second  Nitro  Group  in  Aryl  Amides 
of  3-Nitrobenzolc  and  4-Nitrobenzolc  Acids* 


Electron  donor 
group  (A) 

Displacement  of  the  re¬ 
flection-spectrum  curves 

Displacement  of  the 
absorption -spectrum 
curves  with  Igc  =  1 

Displacement  of  the 
shortwave  maximum 

3.5*  • 

2.4*  • 

‘5;.R 

3.5- 

2.4- 

3.5- 

2.4- 

p-N(CHj), 

60 

+  80 

20 

+  108 

+  46 

-10 

-14 

m-N(CHj), 

+  96 

+  50 

20 

+  34 

+  43 

-  8 

0 

p-OH 

+  50 

-35 

60 

+  52 

+  17 

-37 

-  4 

m-OH 

-10 

+  46 

80 

+  12 

+  7 

-36 

-  7 

P-OCH. 

+  54 

+  58 

60 

+  36 

+  21 

-40 

-  3 

m-CXi:Hj 

+  20 

+  20 

90 

+  13 

-  6 

•Plus  sign  =  bathochromic  displacement,  minus  sign  =  hypsochromlc  displacement. 

•  •The  figures  signify  the  position  of  the  nitro  groups  in  the  dinitro  derivatives  formed. 


298 


1.  A  comparison  of  the  color  of  aryl  amides  of  3,5-dlnitrobenzolc  acid,  with  the  general  formula  3,5- 
(O,N)jC0HjCONHC^4A,  with  the  color  of  the  corresponding  aryl  amides  of  2,4-dlnltrobenzolc  acid  shows  that 
In  some  cases  (A  =  m-OCH3,  p-OH,  m-N(CHs)2)  the  former  have  a  deeper  color  while  in  other  cases  (A  =  m-OH, 
p-N(CH3)2,  P-OCH3)  this  Is  true  of  the  latter. 

2.  The  reflection  spectra,  measured  for  substances  In  the  solid  state,  confirm  the  visual  observations  and 
Increase  their  accuracy. 

3.  A  comparison  of  the  absorption  spectra  of  both  series  of  compounds  shows  that  In  solution  all  the  re¬ 
presentatives  of  the  3,5-dlnltrobenzoyl  series  are  less  deeply  colored  than  the  corresponding  representatives  of 
the  2,4-dInltrobenzoyl  series. 

4.  This  difference  In  the  relative  depth  of  color  of  the  substances  In  the  solid  state  and  In  solution  may 
be  considered  as  proof  that  exomolecular  forces  take  part  In  the  reaction  between  the  electrophilic  and  elec¬ 
tron-donor  systems,  this  reaction  being  the  main  factor  governing  the  color  of  the  Investigated  compounds. 

These  forces  can  only  appear  to  the  full  extent  in  substances  in  the  solid  form,  whereas  in  dilute  solutions,  they 
are  disturbed  to  a  considerable  extent. 

5.  The  similarity  between  the  color  of  the  3,5-dInitrobenzoyl  derivatives  and  that  of  the  complexes 
obtained  from  components  containing  the  same  electrophilic  [  3,5-(03N)jCjH/i;0NH2]  and  electron -donor 

[  (CHJCONHC3H4A]  systems  as  the  dlnitro  derivatives  Is  confirmation  of  the  possibility  of  a  similar  Intermolec- 
ular  reaction  In  the  case  of  the  dinitrobenzoyl  derivatives, also 

6.  The  marked  difference  in  the  absorption  curves  of  aryl  amides  of  3,5-dinltrobenzolc  add  (as  In  the 
case  of  arylamides  of  2,4-dlnitrobenzolc  acid)  and  the  curves  plotted  on  the  basis  of  the  sum  of  the  absorptions 
of  the  above-mentioned  Individual  components  may  be  considered  as  proof  that  in  the  3,5-dlnltro  derivatives 
the  reaction  between  the  electrophilic  and  electron -donor  systems  also  takes  place  intramolecularly  along  a 
chain  of  double  bonds.  The  latter  Is  formed  as  a  result  of  the  tautomerism  of  the  CONH  group  to  the  -C=N-  group. 

6h 
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INVESTIGATION  IN  THE  FIELD  OF  ORGANIC  ISOCYANATES 

V  .  THE  MECHANISM  OF  CONVERSIONS  OT  ARYL  ISOCYANATES  UNDER  THE 
INFLUENCE  OF  ALUMINUM  CHLORIDE 

N.  S.  Dokunlkhln  and  L.  A.  Gaeva 

Scientific -Research  Institute  of  Organic  Semi-Products  and  Dyes 


In  previous  communications  it  was  shown  that  with  fused  AICI3  •  NaCl  .phenyl  isocyanate  and  its  cyclic 
dimer  give  3-phenyl -2, 4-dioxotetrahydroquInazoline  [1]  and  naphthyl  Isocyanate  Is  converted  Into  naphthostyryl 
1 2).  Aryl  isothiocyanates  form  the  corresponding  thionic  compounds  [3],  The  purpose  of  the  present  paper  is  to 
discuss  the  mechanism  of  these  conversions. 

Two  molecules  of  phenyl  Isocyanate  (I)take  part  in  the  formation of(V)3-phenyl-2,4-dloxotetrahydroquInazolIne, 
making  it  possible  to  assume  the  preliminary  dimerization  of  the  isocyanate.  The  cyclic  dimer  (IV),  the  structure 
of  which  was  recently  convincingly  proven  by  x-ray  data  [4],  Is  only  formed  from  the  monomer  by  the  action  of 
tertiary  amines  or  phosphines.  At  low  temperature  aluminum  chloride  converts  phenyl  isocyanate  to  the  cyclic 
trimer,  triphenyl  isocyanurate  (VI X  Under  these  conditions  the  dimer  of  phenyl  isocyanate  remains  unchanged 
and  with  fused  AlClj  ■  NaCl  gives  a  derivative  of  quinazoline  (V)  f  1],  whereas  the  trimer  is  stable  when  acted 
on  by  AICI3  increased  temperature.  The  formation  of  (V)  from  phenyl  isocyanate  is  observed  not  only  in  a 
dilute  mixture  of  the  salts  but  also  as  a  result  of  the  action  of  AICI3  in  organic  solvents  at  130-160*.  In  con¬ 
sequence,  the  only  factor  determining  the  formation  of  different  products  from’ phenyl  Isocyanate  is  the  tempera¬ 
ture. 


Polymerization  of  the  isocyanate  must  precede  the  formation  of  active  forms  capable  of  reacting  together. 
All  known  facts  regarding  reactions  with  aluminum  chloride  exclude  the  assumption  of  an  intermediate  compound 
with  a  biradical  character.  The  assumption  of  the  formation  of  addition  products  at  the  multiple  bonds  meets  a 
number  of  strong  objections.  As  was  shown  by  the  experiments,  the  addition  product  of  the  elements  of  hydrogen 
chloride,  the  acyl  chloride  of  phenylchlorocarbamic  acid,  does  not  give  a  quinazoline  derivative  with  AICI3  • 

NaCl.  In  addition,  with  a  negligible  HCl  content  in  the  reaction  mass  it  is  difficult  to  explain  the  comparatively 
high  rate  of  the  conversions  observed  in  this  case.  What  has  been  said  above  also  relates  to  the  possibility  of  the 
addition  of  members  of  the  HAICI4  molecule.  In  the  case  of  the  addition  of  members  of  the  molecules  of  Al2Clg 
or  NaAlCl4  (for  the  mixture  of  salts)  at  the  multiple  bonds  the  bond  of  the  members  of  these  molecules  with  the 
organic  molecule  must,  to  a  considerable  extent,  be  polar  and  the  effect  will  obviously  correspond  to  the  polariza¬ 
tion  of  the  Isocyanate  molecule  (II).  The  polarization  hypothesis  remains  the  most  probable  and  agrees  well 
with  the  formation  of  trimers  from  aryl  Isocyanates  under  the  Influence  of  carbonates,  acetates,  formates,  phe- 
noxydes,  alkoxides  of  the  alkali  and  alkaline  earth  metals,  oxalic  acid  and  other  similar  substances  1 5].  It  Is 
Interesting  to  note  that  AICI3  and  the  above-mentioned  substances  also  Increase  the  rate  of  reaction  of  Isocyanates 
with  compounds  containing  active  hydrogen  [5]. 

It  is  probable  that  the  reaction  product  of  two  polarized  molecules  of  phenyl  isocyanate  (III)  is  common  for 
the  formation  of  both  (VI)  and  (V),  At  low  temperature,  with  the  participation  of  a  third  polarized  Isocyanate 
molecule, a  trimer  Is  obtained.  At  increased  temperature  the  activation  of  the  aromatic  ring  and  the  kinetic 
advantages  of  intramolecular  cyclization  determine  the  direction  of  the  reaction  in  favor  of  (V).  The  cyclic 
dimer  (IV)  is  not  the  intermediate  but  the  initial  product  of  the  synthesis  of  (V).  The  four-membered  ring  Is 
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ruptured  comparatively  easily  by  the  action  of  aluminum  chloride.  With  benzene  and  AICI3  the  dimer  of  phenyl 
Isocyanate  gives  benzanlllde.  possibly  as  a  result  of  the  reaction  of  the  initially  formed  N-benzoyl-N,N' -diphenyl- 
urea  with  a  fresh  molecule  of  benzene.  It  is  known  that  with  ammonia  and  alcohol  the  dimer  of  phenyl  iso¬ 
cyanate  gives  derivatives  of  biuret  [6]  and  allophanic  acid  [7],  with  phenol  it  gives  phenylcarbamic  ester  [6]. 

The  conversions  of  phenyl  isocyanate  and  its  cyclic  dimer  under  the  influence  of  AICI3  is  shown  in  the  system. 
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The  reaction  of  aluminum  chloride  with  the  carbonyl  group  and  the  aromatic  ring  is  not  the  issue  here; 
in  this  respect  the  investigated  processes  do  not  differ  from  ordinary  Fried  el -Crafts  acylation.  In  the  case  of  1- 
naphthyl  isocyanate, other  geometrical  relationships  determine  the  possibility  of  cycllzation  within  one  polarized 
molecule. 
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According  to  Leuckart  [8]  the  reaction  with  benzene  in  the  presenceof  AICI3  precedes  the  addition  of  the 
elements  of  HCl  to  the  phenyl  isocyanate  molecule  with  the  formation  of  the  acyl  chloride  of  phenylcarbamic 
acid.  From  kinetic  considerations  this  suggestion  has  little  probability.  As  a  result  of  the  low  HCl  content  in 
the  mass,  when  the  course  of  the  reaction  is  of  this  type  the  main  reaction  product  must  be  triphenyl  iso- 
cyanarate,  not  benzanlllde.  Instead,  it  is  more  probable  to  see  complete  analogy  with  the  formation  of  cyclic 
products  ftom  aryl  isocyanates.  The  high  activity  of  the  hydrogen  atom  in  benzene  determines  substitution  in 
the  aromatic  ring  at  a  lower  temperature.  Together  with  3-phenyl -2, 4-dioxotetrahydroqulna2ollne,  small 
quantities  (about  10<^)  of  a  product  Insoluble  in  aqueous  alkali  are  formed  from  phenyl  isocyanate  in  fused 
AICI3 '  NaCl.  In  its  elementary  composition  this  colorless  infusible  amorphous  substance  is  similar  to  phenyl 
isocyanate.  4-Aminobenzoic  acid  was  found  in  its  decomposition  products  after  heating  with  alcoholic  alkali. 
The  substitution  of  hydrogen  in  the  para-position  to  the  Isocyanate  group  is,  therefore,  also  represented  to  a 
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small  extent;  this  leads  to  a  compound  which,  judging  from  Its  analysis  and  physical  constants,  Is  formed  from 
the  radicals  of  a  large  number  of  molecules  of  4-amlnobenzolc  acid,  probably  connected  In  a  chain. 


EXPERIMENTAL 

0.9gofAlCls  was  added  with  stirring  to  1. 79  g  of  phenyl  Isocyanate.  The  mass  rapidly  solidified.  It 
was  mixed  with  20  ml  of  absolute  methanol  and  10  ml  was  distilled  off;  It  was  then  diluted  with  200  ml  of  dry 
benzene  and  filtered.  The  filtrate  was  evaporated  to  15  ml  and  cooled.  The  crystalline  precipitate  was  filtered 
and  crystallized  from  ethyl  alcohol  .  The  weight  was  1.3  g.  It  was  in  the  form  of  prisms.  The  m  p.  was  280.1— 
282.0*.  A  mixture  with  triphenyl  isocyanurate,  obtained  by  a  known  method  (m.p.  278.5-280.^),  melted  at 
278.6-281.^. 

23.8  g  of  phenyl  Isocyanate  was  introduced  over  a  period  of  20  minutes  at  130-135"  Into  a  mixture  of 
135  g  of  AlClj  and  32  g  of  NaCl;  It  was  stirred  for  30  minutes  and  poured  Into  a  mixture  of  water  and  Ice, 
acidified  with  HCl.  The  precipitate  was  filtered,  washed  with  dilute  hydrochloric  acid  and  water.  0.69  g  (3.7%) 
of  aniline,  identified  In  the  form  of  an  azo  dye  with  2-naphthol,  was  found  In  the  filtrate  by  titrating  with  0.5 
N  NaOH.  After  It  had  been  dried  the  precipitate  (21. 1  g,  88.5%  of  the  weight  of  phenyl  isocyanate  taken)  was 
mixed  with  500  ml  of  5%  aqueous  KOH;  It  was  then  filtered  and  washed  with  water  on  the  filter.  17.85  g 
(75%)  of  3-phenyl-2,4-dioxotetrahydroqulnazollne  was  precipitated  from  the  filtrate  by  hydrochloric  acid.  It 
was  In  the  form  of  lancet-like  crystals  from  CHjCOOH.  The  m.p.  was  280.0-281.4*.  The  alkali-insoluble 
residue  was  2.7  g,  11.3%  of  the  weight  of  phenyl  Isocyanate  used.  It  was  an  amorphous,  almost  colorless 
product,  insoluble  in  aqueous  alkalis  and  acids,  very  difficultly  soluble  in  organic  substances.  It  was  purified 
by  extraction  with  boiling  glacial  CH^OOH. 

Found  %:  C  71.17.  71.10;  H  4.70,  4.73;  N  10.93,  11.03. 

The  purified  product  was  boiled  with  20%  alcoholic  KOH  for  8  hours.  4-AmInobenzoIc  acid.  Identified  In 
the  form  of  the  azo  dye  with  2-naphthol,  was  found  In  the  solution.  The  m.p.  was  292.0-294.0*.  A  mixture 
with  the  dye,  obtained  from  2-naphthol  and  4-amInobenzoic  acid  (m.p.  292.5-29^),  melted  at  292.5-294*. 

6.0  g  of  phenyl  Isocyanate  in  30  ml  of  o -dichlorobenzene  was  added  over  a  period  of  10  minutes  to  16  g  of 
AlClj  In  90  ml  of  o-dichlorobenzene,  heated  to  160*.  It  was  stirred  for  2  hours  and  poured  Into  800  g  of  Ice 
and  50  ml  of  cone.  HCl.  The  dichlorobenzene  was  steam  distilled,  the  residue  was  filtered  and  washed  with 
water.  The  precipitate  was  mixed  with  300  ml  of  5%  aqueous  KOH  and  3-phenyl-2,4-dioxotetrahydroqulnazolIne 
was  precipitated  from  the  filtrate  with  hydrochloric  acid.  The  yield  was  1.76  g  (29%).  A  solution  of  isocyanate, 
obtained  by  the  action  of  phosgene  on  aniline  In  dichlorobenzene  or  trichlorobenzene,  could  be  used  for  the 
reaction. 

3.0  g  of  the  dimer  of  phenyl  isocyanate  (m.p.  175.0-176.0*)  was  introduced  into  20  ml  of  carbon  bisulfide, 
and  1.7  g  of  AICI3  was  added.  The  mixture  was  stirred  for  7  hours  at  25",  filtered  and  washed  with  carbon 
bisulfide.  The  precipitate  was  boiled  with  50  ml  of  ethyl  alcohol  and  filtered.  The  dimer  of  phenyl  isocyanate, 
with  a  m.p.  of  176.8-177.4*,  was  precipitated  from  the  filtrate  on  cooling.  A  mixture  with  the  initial  product 
melted  at  176. 6-177.2".  After  the  evaporation  of  the  carbon  bisulfide,  the  dimer  of  phenyl  isocyanate,  with 
a  m  p.  of  17.4.0-175.0",  was  also  obtained. 

3.36  g  of  AICI5  was  added  to  2.0  g  of  the  dimer  of  phenyl  isocyanate  in  30  ml  of  benzene  and  stirred  for 
3  hours  at  60*.  The  mixture  was  poured  on  to  ice  and  the  benzene  was  distilled  off;  it  was  then  filtered,  and 
washed  and  dried.  4.93  g  of  a  substance  with  an  m.p.  of  155-157"  was  obtained.  After  crystallization  from 
ethyl  alcohol  the  m.p.  was  161.2-163.?.  It  was  identified  with  benzanilide  obtained  from  aniline  and  benzoyl 
chloride. 

10.0  g  of  triphenyl  isocyanate  with  an  m.p.  of  278. 5-280. was  added  to  a  fused  mixture  of  80  g  of 
AlCls  and  20  g  of  NaCl  and  stirred  for  30  minutes  at  136-140*.  It  was  poured  on  to  Ice,  filtered,  washed  and 
dried.  The  weight  was  9.8  g.  After  crystallization  from  alcohol  7.2  g  of  a  substance  with  an  m.p.  of  275.3- 
278.0*  was  obtained.  A  mixture  with  the  initial  product  melted  at  275  7-279. 
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10.0  g  of  the  acyl  chloride  of  phenylcarbamic  acid  (obtained  by  the  action  of  dry  HCl  on  phenyl  Isocyanate 
In  chloroform)  was  added  at  130-135*  to  a  fused  mixture  of  80  g  of  AlCls  g  NaCl;  the  mixture  was 

stirred  for  30  minutes,  poured  on  to  ice,  filtered  and  washed.  The  pale-violet  precipitate  (3.5  g)  was  found  to 
be  impure  diphenylurea.  2.3  g  of  aniline,  identified  in  the  form  of  the  azo  dye  with  2-naphthol.  was  found  in 
the  filtrate  by  titration  with  0. 5  N  NaNO^. 

SUMMARY 

1.  Under  the  influence  of  AlCls,  Phenyl  isocyanate  forms  a  trlmer,  triphenyl  isocyanate,  and  at  Increased 
temperature,  3-phenyl -2, 4-dioxotetrahydroqulnazoline. 

2.  At  low  temperature  the  dimer  of  phenyl  isocyanate,  l,3-diphenylurethidine-2,4-dione.  is  stable  when 
acted  on  by  AICI3.  At  increased  temperature  it  is  converted  to  3-phenyl-2,4-dioxotetrahydroquinazollne:  with 
benzene  and  AlCls  dimer  forms  benzanilide. 

3.  Trlphenyl  isocyanate  resists  the  action  of  fused  AlCls '  NaCl. 

4.  When  acted  on  by  AlCls  the  acyl  chloride  of  phenylcarbamic  acid  does  not  form  3-phenyl-2,4-dloxo- 
tetrahydroquinazoline. 

5.  The  conversion  of  aryl  isocyanates  under  the  influence  of  AlCls  associated  with  the  partial  polariza¬ 
tion  of  the  multiple  nitrogen -carbon  bond  and,  at  increased  temperature,  with  the  activation  of  the  aromatic 
ring. 
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ACYL  HALIDES  OF  ESTERS  OF  P  HOS  P  MONO  A  L  K  A  N  E 
CARBOXYLIC  ACIDS  • 

1.  THE  SYNTHESIS  OF  P-MONOACYL  CHLORIDES  OF  DIALKYL  ESTERS  OF 
PHOSPHONOALKANE  CARBOXYLIC  ACIDS 

K.  A.  Petrov,  F.  L.  Maklyaev  and  M.  A.  Korshunov 


The  acyl  halides  of  phosphonoalkane  carboxylic  acids  are  unsaturated  substances.  Only  one  representative 
of  this  type  of  compound,  the  triacyl  chloride  of  phosphonoacetic  acid  [1,2],  is  known.  The  present  paper  is 
devoted  to  an  investigation  of  methods  of  obtaining  P-acyl  chlorides  of  dialkyl  esters  of  phosphonoalkane 
carboxylic  acids,  which  were  obtained  mainly  by  the  action  of  phosphorus  pentachloride  on  medium  esters  of 
phosphonoalkane  carboxylic  acids 


IU\  yO  RO.  yO 

>l’-(CH2),-C/f  f  PGI5  \p_(CH2),-C<;  +  POCI3  +  RCl 

no/  II  ^OH'  CK  (I  \OR' 

O  O 

>1  =  0,  1,  2. 


As  a  result  of  the  presence  of  three  ester  groups  in  the  ester  of  a  phosphonoalkane  carboxylic  acid  this 
reaction  can  proceed  In  a  different  direction  and  lead  to  a  mixture  of  different  substances.  It  was  found,  how¬ 
ever,  that  the  replacement  of  one  ester  group  in  phosphonoalkane  carboxylic  esters  by  chlorine  as  a  result  of 
the  action  of  phosphorus  pentachloride  under  specific  conditions  takes  place  in  a  clearly  defined  manner  and 
with  great  ease,  the  various  ester  groups  combined  with  the  phosphorus  being  replaced  with  the  same  degree  of 
ease:  CXrH3,  OCjHs,  OCjHy-iso,  OC4H9-n,  OCgHii-iso;  the  yield  of  monoacyl  chlorides  is  60-85% 

The  monoacyl  chlorides  of  esters  of  phosphonoformic  acid  are  also  obtained  in  good  yield  by  the 
chlorination  of  a  mixture  of  phosphorus  trichloride  and  the  medium  ester  of  phosphonoformic  acid  by  chlorine 
In  an  Inert  solvent.  In  this  case  phosphorus  pentachloride  Is  formed  during  the  process  of  chlorination. 

Employing  these  methods  we  obtained  twelve  P-acyl  chlor.  es  of  dialkyl  esters  of  phosphonoformic, 
phosphonoacetic  and  phosphonopropionic  acids  and  also  the  acyl '  hloride  of  diethyl  thiophosphonoproplonate. 

The  monoacyl  chlorides  of  diethyl  phosphonoacetate  were  also  obtained  by  the  action  of  thionyl  chloride 
on  the  medium  esters. 

RO.  yO  ROx  yO 

>l'-(Gll2)»-C<f  -fSOGla--*-  >1’-(GH2)»-Gf  +  SO2  +  RGl 

RQ/  II  \OR  GK  II  \OR 

O  O 

»  =  1,  2 

The  acyl  chlorides  of  dialkyl  esters  of  phosphonoalkane  carboxylic  acids  are  colorless  mobile  liquids  with 
a  pungent  odor,  soluble  In  organic  solvents  and  hydrolyzed  by  water.  The  constants  of  the  compounds  obtained 
are  given  in  Table  2. 

•Phosphono  =  dihydroxyphosphinyl.  (Translator’s  note). 
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The  monoacyl  chlorides  of  dialkyl  esters  of  phosphonoalkane  carboxylic  acids  are  P-acyl  chlorides,  i.e. 
the  chlorine  atom  in  them  is  combined  with  phosphorus.  The  position  of  the  chlorine  is  proven,  firstly,  by  the 
data  of  the  ultimate  analysis  on  the  chlorine  of  monoacyl  chlorides,  obtained  from  dibutyl -C -ethyl  and  dilso- 
propyl-C -ethyl  esters  of  phosphonopropionlc  acid  and  diisopropyl -C -ethyl,  dibutyl -C -ethyl  and  diisoamyl-C- 
ethyl  esters  of  phosphonoacetic  acid,  which  corresponded  to  the  values  calculated  for  the  P-monoacyl  chlorides 
of  the  corresponding  dlalkyl  esters  of  phosphonopropionlc  and  phosphonoacetic  acids.  The  P-  and  C-monoacyl 
halides  of  diesters  of  phosphonoalkane  carboxylic  acids,  obtained  from  medium  esters  with  unlike  ester  groups 
at  the  phosphorus  and  carbon  atoms  will,  naturally,  be  different  in  composition  In  the  second  place,  the  posi¬ 
tion  of  the  chlorine  is  proven  by  a  comparison  of  the  amides  obtained  from  the  monoacyl  chlorides  of  diethyl 
esters  of  phosphonoformic  and  phosphonoacetic  acids  by  replacement  of  the  chlorine  by  an  amide  group,  with 
C -amides  of  diethyl  esters  of  these  acids,  obtained  from  medium  esters  and  ammonia  [1,2],  The  replacement 
of  chlorine  in  the  indicated  acyl  chlorides  was  carried  out  by  the  action  of  the  theoretical  amount  of  a  solution 
of  ammonia  in  benzene,  sufficient  to  replace  only  one  atom  of  chlorine.  Mixed  melts  of  the  samples  obtained 
with  the  C -amides  of  diethyl  esters  of  the  corresponding  phosphonoformic  and  phosphonoacetic  acids  showed 
a  depression  of  the  melting  point. 


TABLE  1 

Medium  Esters  of  Phosphonoformic  and  Phosphonopropionlc  Acids 


Formula 

Yield 

Boiling  point 
(pressure  in  mm] 

<<. 

(C1I,0),P(0)C00CII3 

24 

87— 88°  (2) 

1 .2327  (  at 

1.4220  (  at 

21. 5° 1 

21.5°) 

(n  c,ii,0),i‘(0)cooc.ii,  n 

81 

166.5—187.5(5) 

1.0188  (  at 

1.4350  (  at 

20.5°) 

20.5°) 

iso  -  c,n,o),P(0)Cii,-rii,-C()<)<  ,»L 

(58 

115-117(2-3) 

1.0651  (  at 

1.4340(  at 

20°) 

20°) 

(n  -c,n,0),Pto)(’i!,(:n,r()()(',ii 

81 

162-164(4) 

1.0337  (  at 

1.4.3801  at 

20") 

20°) 

The  medium  esters  of  phosphonoalkane  carboxylic  acids  were  obtained  by  known  methods  [1-3];  together 
with  the  esters  described  in  literature  four  esters  of  phosphonoformic  and  phosphonopropionlc  acids,  not  described 
hitherto,  were  obtained;  the  properties  of  the  latter  are  given  in  Table  1. 

EXPERIMENTAL 

Reactions  of  medium  esters  of  phosphonoalkane  carboxylic  acids  with  phosphorus  pentachloride.  0.21  mole 
of  finely  ground  phosphorus  pentachloride  was  added  slowly  in  small  portions  with  constant  stirring  and  water¬ 
cooling  to  a  solution  of  0.2  mole  of  the  medium  ester  ester  of  phosphonoalkane  carboxylic  acid  in  an  equal 
volume  of  dry  carbon  tetrachloride  the  mixture  was  then  stirred  for  15-30  minutes  at  18°  and  for  20-40  minutes 
at  30-50°,  The  unreacted  phosphorus  pentachloride  was  decomposed  by  passing  dry  sulfur  dioxide  into  the  mixture 
at  18°.  The  carbon  tetrachloride,  thionyl  chloride  and  phosphorus  oxychloride  were  then  distilled  off  under 
vacuum  and  the  residue  was  twice  fractionated.  Before  it  was  fractionated,  to  obtain  greater  purification  from 
volatile  admixtures  the  residue  was  sometimes  mixed  with  dry  carbon  tetrachloride  (10-15  ml  each  time),which 
was  then  distilled  off  under  vacuum.  The  yields  and  the  analytical  data  of  the  acyl  chlorides  obtained  by  the 
indicated  method  are  given  in  Table  2. 

The  P -amide  of  diethyl  phosphonoformate.  88  ml  of  a  benzene  solution  of  ammonia  (concentration  4.04- 
•10"®g/ml)  was  added  to  a  solution  of  2.0  g  of  the  freshly  distilled  appropriate  acyl  chloride  in  25  ml  of  dry 
benzene,  the  mixture  being  cooled  by  cold  water.  After  the  reaction  mixture  had  been  kept  in  a  closed  vessel 
at  18*  for  a  day  the  ammonium  chloride  was  filtered  and  the  benzene  was  distilled  from  the  filtrate  on  a  water 
bath.  After  the  residue  had  been  recrystallized  3  times  from  a  mixture  of  alcohol  and  benzene  0.78  g  of  lustrous 


plates  with  an  m.p.  of  13T  was  obtained.  A  sample  of  a  mixture  with  the  C-amlde  of  diethyl  phosphonoformate, 
obtained  from  the  trlethyl  ester  and  ammonia  and  melting  at  133* ,  melted  at  103-10-f . 

Found  oja  N  7.95,  7.86.  C5HUO4NP.  Calculated  N  7.73. 

TABLE  2 

Monoacyl  Chlorides  of  Dlalkyl  Esters  of  Phosphonoalkane  Carboxylic  Acids 


Formula 

Bolling  point 
(pressure  in 
mm) 

d,«> 

Chlorine, 
content  (%) 

Yield 

(%) 

Found  Calcu' 
ftated 

(CII,0)CIP(0)C00C», 

85-86°  (1) 

1.4167 

1.4475 

20.80 

20.60 

63 

(C,H,0)C1P(0)C00C,H,  • 

107—108(5) 

1.2410 

1.4385 

17.90 

17.68 

82 

( n-C,H,0)(CI)P(0)C00C,H, 

98—101  (0.35) 

1.1977 

1.4387 

15.45 

15.51 

81 

(n  -c.n,o)(ci)P(0)cooc,H,-H. 

133-134(3-4) 

1.1326 

1.4455 

13.80 

13.82 

56 

(C,H»0)(C1)P(0)CII,C00C,H,  •• 

110-111  (3) 

1.2584 

1.4476 

16.59 

16.53 

84 

(isoC,H,0)(Cl)PtO)CH,COOC,H,, 

92-93(0.25) 

1.1947 

1.4430 

1 5.56 

15.51 

58 

(iSO-C»lI„0)(Cl)P(0)Cll,COOC,H, 

110—112(0.03) 

1.1384 

1.4463 

13.72 

13.81 

63 

(0  -C,lI,0)(CI)P(0)CH,C00C,Hj 

120-122(0.35) 

1.1551 

1.4440 

14.46 

14.61 

68 

(CH,0)tCI)P(0)CII,CH,C00CHj 

92—94(0.2) 

1.3306 

1.4506 

18.00 

17.68 

80 

(C,1I,0)(CI)P(0)CH,CH,C00C,H, 

101—102(0.1) 

1.2502 

1.4555 

15.48 

15.51 

81 

iiso-0,n,o)(a)P(O)Cn,CH,cooc,ii. 

113—116(0.05) 

1.2352 

1.4486 

15.08 

14.61 

80 

(n  -c,ii,o)(ci)P(0)cn,cn,cooc,H, 

128—133(0.05) 

1.1526 

1.4520 

13.97 

13.81 

74 

(c,n50)(C!)P(S)CH,cn,r.oor,n,  •  •  • 

118—119(1) 

1.2207 

1.4621 

14.29 

14.49 

78 

•Found  <70  ;  P  15.82.  Calculated  %  :  P  15.46. 

•  •Found  %  :  C  33.23;  H  6.16;  P  14.15.  Calculated  <70:  C  33.51;  H  5.91;  P  14.43. 

•  •  •Found  %:  C  34.39;  H  6.26;  P  12.34;  S  12.85.  Calculated  %  :  C  34.37;  H  5.77;  P  12.66; 
S  13.10. 


The  P -amide  of  diethyl  phosphonoacetate.  1. 5  g  of  the  appropriate  acyl  chloride  was  taken  In  25  ml  of  dry 
benzene  and  62  ml  of  a  benzene  solution  of  ammonia  (concentration  4.04  .  lO”  ’  g/ml)-  The  reaction  was  carried 
out  as  described  above.  After  the  precipitate  had  been  recrystallized  twice  from  a  mixture  of  benzene  and 
petroleum  ether  fine  white  crystals  with  an  m  p  of  lOJf ,  soluble  In  benzene  and  alcohol  and  Insoluble  In  petro¬ 
leum  ether,  were  obtained  A  sample  of  a  mixture  of  the  amide  obtained  and  the  C-amide  of  diethyl  phosphono¬ 
acetate  •  melted  at  60-61*. 

Found  %  :  N  7.13,  7.36.  CeHiP4NP.  Calculated  ojox  N  7.18. 

The  P-acyl  chloride  of  dimethyl  phosphonoformate.  Dry  chlorine  was  passed  through  a  solution  of  31  g 
of  trlmethyl  phosphonoformate  and  25.4  g  of  phosphorus  trichloride  in  100  ml  of  carbon  tetrachloride, the  mixture 
being  cooled  with  Ice  and  salt  and  stirred  constantly;  the  rate  at  which  the  chlorine  was  passed  was  such  that  the 
temperature  In  the  flask  did  not  exceed  +5";  a  precipitate  of  phosphorus  pen  tachlorlde  was  deposited  during  this 
process.  After  chlorination  for  30  minutes  the  mixture  was  heated  for  30  minutes  to  40* ;  this  resulted  In  the 
precipitate  going  into  solution.  The  chlorination  and  heating  of  the  mixture  were  repeated  until  the  trlvalent 
phosphorus  was  completely  oxidized  and  was  completed  after  3  hours.  After  the  carbon  tetrachloride  and 
phosphorus  oxychloride  had  been  distilled  off  the  residue  was  distilled  twice  under  vacuum.  The  yield  was 
20  g  (63'7o). 

B.p.  85-86*  (1mm),  d4“  1.4167,  n^^  1.4475. 

Found  <7(1  Cl  20.8.  C3He04PCI  Calculated  <7o :  Cl  20.6. 

•The  C-amIde  of  diethyl  phosphonoacetate,  obtained  by  the  action  of  a  concentrated  aqueous  solution  of  am¬ 
monia  on  trlethyl  phosphonoacetate,  has  an  m.p.  of  78-80*  [1,2]  after  recrystalllzatlon  from  benzene. 
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When  heated  above  170-180"  the  acyl  chloride  decomposed  with  the  formation  of  gaseous  products  which 
reduced  palladium  chloride  to  the  metal;  the  residue  In  the  flask  was  tar. 

The  P-acyl  chloride  of  diethyl  pliosphonoformate.  A  solution  of  32.1  g  of  trlethyl  phosphonoformate  and 
21  g  of  phosphorus  trichloride  was  chlorinated  for  5  hours,  as  described  above.  To  remove  excess  phosphorus 
pentachlorlde  dry  sulfur  dioxide  was  passed  into  tlie  reaction  mass  for  20  minutes.  After  the  carbon  tetrachloride, 
thionyl  chloride  and  phosphorus  oxychloride  had  been  distilled  off  the  residue  was  distilled  twice  under  vacuum. 
The  yield  was  21.5  g  (70%). 

B.p.  107-108r  (5  mm).  d4*®  1.2410.  np*®  1.4385. 

Found  %:  P  15.60,  16.04;  Cl  17.40,  18.00.  CsHioO^Cl.  Calculated  %  P  15.46;  Cl  17.69. 

The  P-acyl  chloride  of  dl-N -butyl  phosphonoformate.  A  solution  of  49. 8  g  of  the  ester  and  23. 2  g  of 
phosphorus  trichloride  In  120  ml  of  carbon  tetrachloride  was  chlorinated  for  6  hours,  as  described  above.  After 
the  carbon  tetrachloride  and  phosphorus  oxychloride  had  been  distilled  off  the  residue  was  distilled  twice  under 
vacuum.  24.5  g  (56.6%)  of  the  acyl  chloride  was  obtained. 

B.p.  133-134"  (3-4  mm)  d/  1.1326,  n^^®  1.4455. 

Found  %:  C  42.03,  42.46;  H  7.29,  7.06;  Cl  13.80,  13.58.  CgHigO^Cl.  Calculated  %:  C  42.11;  H  7.06; 

Cl  13.82. 

When  heated  above  190-200"  the  acyl  chloride  decomposed  with  the  liberation  of  gaseous  products  and 
the  formation  of  a  tarry  residue. 

The  P-acyl  chloride  of  diethyl  phosphonoacetate  A  mixture  of  5.0  g  of  trlethyl  phosphonoacetate  and 
7.95  g  of  tliionyl  chloride  was  heated  for  9  hours  at  80-90*.  The  excess  thionyl  chloride  was  then  distilled  off 
and  the  residue  was  kept  for  30  minutes  under  vacuum  (11  mm)  while  heated  on  a  water  bath.  As  a  result  of 
distillation  1.95  g  of  a  yellowish  liquid,  with  a  b.p.  of  94-105*  (1  mm),  was  obtained;  the  residue  in  the  flask 
was  tar.  As  a  result  of  repeated  distillation  1.58  g  (33%)  of  the  acyl  chloride  was  obtained. 

B.p.  99-101*  (1  mm),  n^*®  1.4474. 

Found  %  Cl  16.66,  16.87.  CgHuO/Cl.  Calculated  %;  Cl  16  53. 

The  P-acyl  chloride  of  dimethyl  phosphonoproplonate.  2. 1  g  of  thionyl  chloride  was  added  dropwlse  to 
3. 0  g  of  trimethyl  phosphonoproplonate;  as  a  result  the  temperature  of  the  mixture  rose  to  40-50*.  The  mixture 
was  heated  for  1  hour  at  80"  and  for  30  minutes  on  a  boiling  water  bath;  It  was  then  kept  under  a  vacuum  of 
10  mm  at  50-60".  When  the  residue  was  distilled  under  high  vacuum,!.  65  g  of  a  fraction  with  a  b.p.  of  87-96" 
ff).05mm)  was  obtained;  after  repeated  distillation  1.25  g  (42%)  of  the  acyl  chloride  was  obtained. 

B.p.  87-90"  (0.04  mm),  n^j^  1.4509. 

Found  %:  Cl  18.18,  17.86.  C5Hio04PCl.  Calculated  %:  Cl  17.78. 

J[he  P-acyl  chloride  of  diethyl  thiophosphonoproplonate.  23.4  g  (78%)  of  the  acyl  chloride  was  obtained 
In  the  form  of  a  colorless  liquid  with  an  unpleasant  odor,  after  two  distillations,  from  31  g  of  trlethyl  thlophos- 
phonopropionate  and  21. 1  g  of  phosphorus  pentachlorlde  under  the  conditions  described  above.  On  hydrolysis 
with  solutions  of  alkalis  the  acyl  chloride  split  off  sulfur,  which  Interferes  with  the  determination  of  chlorine  by 
the  Volhard  method.  The  chlorine  content  was  determined  by  the  Carlus  method  after  combustion. 

B.p.  IIB-Iisr  (1  mm),  123-125’  (2  mm),  d4*®  1.2207,  n^*®  1.4621. 

Found  %:  C  34.48,  34.29;  H  6.29,  a 23;  P  12.41,  12.27;  S  12.80,  12.90;  Cl  14.20,  14.38.  CtHmOjPSCI. 

Calculated  %:  C  34.37;  H  5.77;  P  12.66;  S  13.10;  Cl  14.49. 


SUMMARY 

1.  The  P-acyl  chlorides  of  dialkyl  esters  of  phosphonoformic,  phosphonoacetic,  phosphono-  and  thlophos- 
phonopropionic  acids  were  obtained  by  reacting  phosphorus  pentachlorlde  with  medium  esters  of  phosphono- 
alkane  carboxylic  acids  It  was  shown  that  the  P-acyl  chorides  of  dialkyl  esters  of  phosphonoformic  acid  are 
also  obtained  by  the  reaction  of  phosphorus  trichloride  as  chlorine  with  esters  of  this  acid. 
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2.  It  was  established  that  when  medium  esters  of  phosphonoalkane  carboxylic  acid  react  with  thionyl 
chloride  only  the  mono-P-acyl  chlorides  of  dialkyl  esters  of  these  acids  are  obtained. 
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THE  REACTION  OF  AMINES  WITH  METHYL  a -B  ROM  O  A  C  R  Y  L  A  TE 

THE  SYNTHESIS  OF  SOME  DERIVATIVES  OF  a -BROMO -6  -  A  M INO  ACIDS 

V.  K,  A  ntonov 

Institute  of  Experimental  Pathology  and  Cancer  Therapy,  Academy  of  Medical 
Sciences  USSR 


In  1943  Cromwell  and  his  co-workers  [1]  showed  that  a'bromo-B  -phenyl -6  -benzylaminopropiophenone  (I) 
undergoes  disproportionation,  forming  the  hydrobromide  of  a-bromo-B  -phenyl -6  -benzylaminopropiophenone 
and  l-benzyl-2-phenyl-3-benzoylethylene  Imlne  (II)  on  standing  in  benzene  solution. 


Rr 

I 

2C„nr,CH-(:HCO(;,eHB 

I 

Nil 

I 

CH.CsHr, 

(I) 


Rr 

I 

('nHsCH-CHCOC^Kg  CeHsCH— CHCOCoHs 

I  \/ 

NH  .  HRr  f  N 

I  I 

CHAHr.  CH-AHb 

(II) 


We  considered  It  of  interest  to  use  this  reaction  for  the  synthesis  of  both  the  hydrobromides  of  a-bromo  - 
8  -amino  acids  (compounds  which  have  been  very  little  studied  hitherto  [2-4])  and  the  corresponding  derivatives 
of  ethylene  imlne  carboxylic  acids. 

For  this  purpose  we  investigated  the  reaction  of  methyl  a-bromoacrylate  (III)  with  equimolecular  amounts 
of  methylamine,  benzylamine  and  piperidine,  which,  as  had  been  supposed  must  take  place  according  to  the 
system 


2GH2^-C(ni)(X)OCH3  4  2Hn/ 

\R' 


(HI) 


GH2-Cn(Rr)COOCH3 


Gila— GH(Rr)GOOGH3 
I  (IV) 

R'  R" 


Xlla— GHGOOGH3  GH=GHG00GH3- 
N  .  HRr  -f-  or  N 

/\  I  /  \ 

R'  R"  _  R'  R'  R" 

(V)  (VI)  (VII) 

(a)R'=CH„  R"  =  H;  (b)  R' =  CH,C,H„  R"=II;  (c)  N(R')R"=NC,H,„. 


When  a  solution  of  methylamine  In  dry  ether  was  allowed  to  act  on  (III)  the  expected  hydrobromide  of 
methyl  a-bromo-8  -methylamlnopropionate  (Va)  was  precipitated  immediately  after  the  evapocition  of  the 
solvent.  As  a  result  of  the  reaction  of  (III)  with  benzylamine,an  oil,  which  crystallized  with  only  gentle  heat¬ 
ing  (40-50*),  was  obtained  after  the  evaporation  of  the  ether.  The  hydrobromide  of  methyl  a-bromo-B  -benzyl- 
aminopropionate  (Vb)  was  obtained  from  the  reaction  mixture.  When  piperidine  acted  on  (III)  the  hydrobromide 
of  methyl  a-bromo-  B  -piperldinoproplonate  (Vb)  was  only  formed  when  the  oil  obtained  after  the  evaporation 
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of  the  ether  was  boiled  In  benzene  solution.  In  all  cases  the  hydrobromides  of  the  corresponding  Initial  amines 
were  obtained  as  by-products. 

It  should  be  noted  that  the  ratios  of  the  hydrobromides  of  benzylamlne  and  (Vb)  depend  on  the  temperature 
at  which  the  Initial  reagents  are  mixed.  The  optimum  yield  of  (Vb),  namely  72%  with  respect  to  bromine,  Is 
obtained  at  20-25*.  In  this  case  the  yield  of  benzylamlne  hydrobromide  Is  about  18%  The  composition  of  the 
compounds  we  obtained  (Va,  b,  c  )  agrees  well  with  the  analytical  data.  An  Investigation  of  the  Infrared  spec¬ 
trum  of  (Vb)  showed  the  presence  of  die  characteristic  frequencies  [5]:  N  —  H  2720  and  2600  cm“\  C=0  1718 
cm‘\  CjHj  1557  cm"\  CH,  1447  cm'\  0=C-0  1240  cm~\ 

To  prove  the  a-locatlon  of  the  bromine  atoms  In  the  molecules  of  (Va,  b,c)  we  used  the  method  of 
determining  the  mobile  a-halogen  by  the  liberation  of  Ij  from  an  acidified  solution  of  KI  In  acetone  [6,7].  It 
Is  known  [6]  that  under  these  condltlons.ln  contrast  to  esters  of  0  -halogen  acids,  esters  of  a-halogen  acids 
liberate  Ij  quantitatively.  We  obtained  satisfactory  agreement  of  the  analytical  results  with  the  data  calculated 
from  the  content  of  the  a-bromlne  atom  In  (Va,  b,c). 

According  to  the  system  of  formation  of  (V)  ft  was  to  be  expected  that  compounds  of  type  (VI)  or  the 
corresponding  derivatives  of  0  -aminoacrylic  acid  (VII)  would  be  obtained  together  with  (V).  We  did  not  succeed, 
however,  in  isolating  any  compound  of  these  types.  Attempts  to  isolate  the  Intermediate  base  (IV)  In  pure  form 
were  also  unsuccessful.  The  formation  of  substances  of  type  (VII).  not  (VI),  as  a  result  of  the  disproportionation 
of  (IV)  appears  more  probable  to  us  because  compounds  of  the  (VI)  type  cannot  be  obtained  In  the  case  of  the 
reaction  of  (III)  with  secondary  amines  (piperidine).  As  Is  known  [8,9],  compounds  of  type  (VII)  are  very 
unstable  and  are  readily  transformed  under  the  experimental  conditions.  It  must  be  emphasized,  however,  that 
the  problem  of  the  formation  of  (VI)  or  (VII)  requires  further  investigation. 

The  formation  of  the  hydrobromides  of  the  initial  amines  together  with  (V)  can  be  explained  by  the 
presence  of  unreacted  amine  In  the  reaction  mixture,  this  amine  combining  with  the  hydrogen  bromide  split  off 
during  the  disproportionation  of  (IV). 

The  structure  (af  little  probability,  in  our  opinion)  of  the  hydrobromide  of  methyl  a-bromo-a-benzylamlno- 
proplonate  (VII)  Is  also  not  contradictory  to  the  analytical  data  of  (Vb),the  Infrared  spectrum  and  the  results  of 
determination  of  the  mobile  bromine.  This  ester  (VIII)  cannot  be  formed, however, by  the  action  of  HBr  on  the 
corresponding  2-carbomethoxyethylene  Imlne  (VI,  R=  CHjCjH5)[10]  a  substance  Identical  with  (Vb)  Is  obtained; 
this  was  indicated  by  the  absence  of  a  depression  of  the  melting  point  and  the  identity  of  the  infrared  spectra. 

It  Is  Interesting  to  note  that  when  Wagner -Jauregg  and  his  co-workers  [10] 
allowed  a  solution  of  HCl  in  acetone  to  act  on  1 -benzyl -2-carbomethoxyethylene 
imlne  they  obtained  the  hydrochloride  of  methyl a-benzylamino-0  -chloroproplonate . 
This  type  of  rupture  of  a  three -membered  ring,  which  is  contradictory  to  our  data, 
may  possibly  be  associated  with  different  reaction  conditons. 

We  wish  to  express  our  deep  appreciation  to  Yu.  I.  Sheinker  and  E.  M.  Pereslen’, 
who  determined  and  interpreted  the  infrared  spectra,  and  also  to  A.  Ya.  Berlin  for 
his  valuable  help. 


Br 

I 

CHs— C— COOCII3 
I 

Nil  .  HBr 
I 

cii.ah.5 

(VIII) 


EXPERIMENTAL 

The  hydrobromide  of  methyl  a-bromo-0  -methylaminopropionate  (Va).  10  ml  of  a  solution  of  0.6  g  of 

CH3NHJ  in  dry  ether  was  added  to  a  solution  of  3.32  g  of  (III)  [11]  In  20  ml  of  dry  ether  at  20",  for  15  minutes. 

The  mixture  was  stirred  for  1  hour  at  18-20",  it  was  filtered  from  the  precipitated  methylamine  hydrobromide 
and  the  ether  was  evaporated  under  vacuum.  The  solid  residue  obtained  was  treated  with  70  ml  of  dry  hot  CHCI5, 
It  was  filtered  from  methylamine  hydrobromide  and  the  chloroform  solution  was  left  for  a  day  to  crystallize. 

The  precipitate  formed  was  separated  and  washed  with  cold  CHCI3.  The  yield  was  0.9  g,  the  m.p  was  115-llT. 
After  evaporation  and  treatment  with  ether  a  further  0.25  g  of  the  substance,  with  an  m.p.  of  115-118",  was 
obtained  from  the  filtrate.  The  total  yield  of  (Va)  was  43% (according  to  the  bromine).  For  purposes  of  analysis 
the  product  was  crystallized  from  an  ethanol -hexane  mixture  (1:1)  and  then  twice-recrystallized  from  an  ethyl 
acetate-methanol  mixture  (4: 1>,  the  m.p.  was  122.8-123.3’  (with  decomp. ).  • 

•All  the  melting  points  are  corrected. 
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Found  %  C  21.79;  H  3.94;  N  4.98;  Br  (ionic)  29.19;  Br  (total)  57.81;  Bra  28.31.  CsHnOjNBr,.  Calculated^^b 
C  21.68;  H  4.00;  N  5.05;  Br  (ionic )28. 87;  Br  (total)  57.75;  Brg  28.87. 

The  total  yield  of  methylamine  hydrobromide  was  0.14  g,  the  m.p.  was  249-250’;  the  melting  point  of  a 
mixed  sample  was  249-250*. 

The  hydrobromide  of  methyl  a-bromo-fl  -benzylaminopropionate  (Vb).  a)  1.05  g  of  (III)  in  15  ml  of 
dry  ether  was  mixed  with  0.67  g  of  benzylamlne  under  the  conditions  described  for  (Va).  The  oil  obtained  after 
the  ether  had  been  evaporated  was  heated  on  a  water  bath  to  45-50"  and  kept  at  this  temperature  for  15-20 
minutes.  The  solidified  mass  was  treated  with  20  ml  of  dry  CHCls,  filtered  and  the  filtrate  evaporated  to  dry¬ 
ness  under  vacuum.  The  solid  residue  was  mixed  with  30  ml  of  dry  ether  and  filtered.  The  yield  of  (Vb)  was 
0.8  g  (12%),  the  m.p.  was  135-137".  For  purposes  of  analysis  the  substance  was  crystallized  from  ethyl  acetate 
and  then  twice -recrystallized  from  a  2:1  ethanol -hexane  mixture.  The  m.p.  was  142.1-142.6’  (with  decomp.). 

The  filtrate  from  (Vb)  was  evaporated  and  an  attempt  was  made  to  distill  the  residue  under  vacuum  but 
this  resulted  in  the  decomposition  of  the  substances. 

Found  C  37.43;  H  4.34;  N  3.78;  Br  (ionic) 2  3.33;  Br  (total)  45  47;  Br^  22. nO.CnHijOjNBrj.  Calculated‘7d 

C  37.40;  H  4.25;  N  3.96;  Br  (ionic)  22.64;  Br  (total)  45.28;  Br^  22.64. 

Infrared  spectrum  (cm'^) :  2940,  2743.  2600,  1718,  1562,  1447,  1396,  1360,  1312,  1183,  1154,  995,  970, 

944,  921,  856,  810,  787,  759,  705. 

The  total  yield  of  benzylamlne  hydrobromide  was  0.12  g  (18<yo),  the  m.p.  was  218-220";  the  melting 
point  of  a  mixed  sample  was  218-220". 

b)  1.25  g  of  l-benzyl-2-carbomethoxyethylene  Imine  (VI,  R  =  CH2CgH5)[10]  was  dissolved  in  20  ml  of 
dry  ether  and  while  It  was  cooled  with  a  freezing  mixture  ,a  current  of  dry  HBr  was  passed  Into  the  solution  until 
the  formation  of  a  precipitate  had  ceased.  The  ether  was  decanted  and  the  residue  was  dissolved  in  10  ml  of 
CIlClj,  the  solution  was  boiled  with  activated  charcoal,  filtered  and  the  solvent  was  evaporated  under  vacuum. 

After  it  had  stood  in  a  rcfrigentor.the  solid  product  was  trltwated  with  ether  and  filtered.  The  weight  was  1.8  g 
(78%).  After  crystallization  from  ethyl  acetate  and  then  from  a  mixture  of  ethanol  and  hexane  the  substance 
melted  at  142.5-143“  (with  decotnp,).  A  mixed  sample  witli  the  substance  obtained  in  experiment  "a"  melted 
at  142-143“  (with  decomp.). 

Found  %  :  C  37.78;  11  4.27;  N  3.57;  Br  (ionic)  23.54;  Br  (total)  45.48;  Brg  22.07.  CuHjsOjNBrj. 

Calculated  %:  C  37.43;  H  4.25;  N  3.96;  Br  (ionic)  22.64;  Br  (total)  45.28;  Br^  22.  64. 

Infrared  spectrum  (cm’^>.  29  40,  2723,  2600,  1718,  1557,  1447,  1392,  1357,  1306,  1181,1152,994,969,942, 
920,856,810.787,758,705. 

The  hydrobromide  of  methyl  g-bromo-fl  -piperidinopropionate  (Vb).  2.8  g  of  (III)  and  1.66  ml  of  pipar- 
Idiiie  were  mixed  In  a  solution  of  dry  ether,  as  described  for  (Va).  The  oil  obtained  after  the  ether  had  been 
evaporated  was  dissolved  in  20  ml  of  dry  benzene  and  filtered  from  piperidine  hydrobromide  (0.2  g,  m.p.23S“; 
melting  point  of  a  mixed  sample  236*);  the  solution  was  then  heated  to  boiling  and  boiled  for  1.5  hours.  The 
solution  was  cooled,  the  precipitate  was  filtered  and  washed  with  benzene  and  petroleum  ether.  The  yield  of 
(Vb)  was  2.45  g  (88%)  ,  the  m.p.  was  155-157".  For  purposes  of  analysis  the  product  was  crystallized  twice  from 
a  mixture  of  methanol  and  ether  (3:2),  the  m.p.  was  159.5-160"  (with  decomp.). 

Found  %  :  C  32.53;  H  5.14;  N  4.20;  Br  (ionic)  25.21;  Br  (total)  48.10;  Br^  23.63.  CjHiTOjNBrj.  Calculated 

%:  C  32.65;  H  5.17;  N  4.23;  Br  (ionic)  24.12;  Br  (total)  48.24;  Br^  24.12. 


SUMMARY 

1.  It  was  found  that  when  equimolecular  amounts  of  methylamine,  benzylamlne  or  piperidine  react  with 
methyl  a-bromoacrylate  the  corresponding  hydrobromides  of  methyl  a-bromo-B  -alkylaminopropionates  are 
formed. 

2.  The  hydrobromides  of  the  methyl  esters  of  oc-bromo-5  -methylamino-  and  a-bromo-S  -benzylamino- 
and  a -bromo-fl -piperidino  propionic  acids,  not  described  hitherto  in  literature,  were  synthesized  with  yields  of 
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43,  72  and  88%  according  to  bromine),  respectively.  The  structure  of  the  compounds  obtained  was  confirmed 
by  the  quantitative  determination  of  the  a-bromlne  atom. 

3.  The  hydrobromide  of  methyl  a-bromo-B  -benzylamlnoproplonate  was  also  obtained  by  the  action  of 
dry  HBr  on  l-bcnzyl-2-carbomethoxyethylenc  Imlne. 
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SYNTHESIS  AND  PROPERTIES  OF  DIMERCAPTO  DERIVATIVES 
OF  ALKANE  SULFONIC  ACIDS 

V.  SODIUM  l,3-DIMERCAPTOPROPANE-2-SULFONATE  • 

V.  E.  Petrun’kin  and  N.M.  Lysenko 
Ukraine  Scientific -Research  Sanitary-Chemical  Institute 


One  of  us  has  previously  [2]  described  the  synthesis  of  sodium  2,3-dimercaptopropanesulfonate  (unithiol), 
used  in  medicine  as  an  antidote  for  compounds  of  arsenic,  mercury  and  a  number  of  other  heavy  metals.  Sodium 
l,3-dImercaptopropane-2-sulfonate  (isouni thiol),  isomeric  with  unithiol,  was  hitherto  unknown.  In  view  of  Its 
structural  similarity  with  a-llpolc  acid,  which  plays  an  important  part  in  exchange  processes  of  the  organism[3], 
isounithiol  and  its  disulfide  are  of  interest  as  a  possible  model  for  the  former. 

Like  unithiol  and  other  1,2-dlmercaptosulfonates  synthesized  by  us  [1],  Isounithlol  can  evidently  be  ob¬ 
tained  by  an  exchange  reaction  of  the  corresponding  dibromide,  I.e.  sodium  1 , 3 -dibromopropane -2-sulfonate, 
with  KSH.  However,  in  view  of  the  difficulty  of  obtaining  the  dibromide  Itself  we  rejected  this  method  of 
synthesis. 

In  order  to  obtain  the  Isomer  of  unlthiol  we  used  the  method  developed  by  Hach  [4]  for  the  synthesis  of 
certain  1,2-dithlols.  The  method  considered  the  conversion  of  derivatives  of  2-phenyl -1,3-dlthiolan  into  1,2- 
dithiols  by  means  of  mercuric  chloride  in  the  presence  of  cadmium  carbonate. 


,S— CH.,  yS—CHi  „  o  HSCH 

C„H5CH<  I  ■  Hg<  \  I 

^S— CHR  S— CHR  HSGHR 


According  to  our  observations,  derivatives  of  2-phenyl-l,3-dithian  react  in  an  analogous  manner  with 
mercuric  chloride.  In  this  process  1,3-dithiols  are  obtained  with  a  satisfactory  yield  if  the  rupture  of  the  dithian 
ring  by  mercuric  chloride  is  carried  out  in  the  presence  of  sodium  bicarbonate.  In  accordance  with  this,  the 
synthesis  of  sodium  l,3-dlmercaptopropane-2-sulfonate  was  carried  out  on  the  basis  of  1,3-dlthloglycerln  by 
a  method  employing  the  following  conversions. 


HSCII2CIIOHCII2SH 


HCl 


'^S— CH./ 


CHOH 


PBr 

—X  (;,H5GH<  >lHRr 

S— CHa^ 

II 


(I) 

^  GellsCH^^  ^^^^NGHSOjNa 
\S— GH2/ 

(III) 


•See  paper  IV  [1]. 
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IIrCI, 

NaHCOj 


.S— GHij.  ,,  o 

Hg\  V.llS().,Na  — 

\S— CHa/ 

(IV) 


IIS— CIl2\ 

>CnSOoNa 

HS-CIIi^ 

(V;  In  solution) 


PbAc^ 


/  /S-Clljv  \ 

Pbc;  icnson  i»h 

V  ^S-GII./ 

(VI) 


a)  n»s  ^ 
b  )  NallCO, 


HS— CHa. 

^CHSOoNa 
HS— Clla/' 


(V) 


2-Phenyl-5 -hydroxy  -1,3-dlthian  (I)  [5]  was  obtained  by  the  condensation  of  1,3-dIthioglycerine  with 
benzaldehyde;  by  means  of  PBrj  the  former  was  converted  to  2-phenyl -5-bromo-l,3-dithIan  (II).  Replacement 
of  the  bromine  In  2-phe  nyl-5-bromo-l,3-dithian  by  a  sulfonic  group  took  place  smoothly  by  heating  this  mono¬ 
bromide  with  an  aqueous  solution  of  sodium  sulfate;  as  a  result  sodium  2-phenyl-l,3-dIthIan-5-sulfonate  (III) 
was  obtained  with  a  good  yield.  By  heating  with  an  aqueous  solution  of  mercuric  chloride  in  the  presence  of 
NaHCOj  it  was  converted  to  sodium  l,3-mercurodimercaptopropane-2-sulfonate  (IV),  The  subsequent  splitting 
off  of  the  mercaptide  mercury  In  alcohol  by  hydrogen  sulfide  gave  an  alcoholic  solution  of  the  sodium  salt  of 
l,3-dlmercaptopropane-2-sulfonic  acid  (V),  which,  as  In  the  preparation  of  unithiol,  was  converted  by  means  of 
lead  acetate  to  the  difficultly  soluble  Pb  salt  (VI).  As  a  result  of  the  decomposition  of  this  salt  by  hydrogen 
sulfide  In  alcohol  an  alcoholic  solution  of  l,3-dimercaptopropane-2-sulfonic  acid  was  obtained.  When  neutral¬ 
ized  by  soda. Isounithiol  was  precipitated  from  the  solution  in  the  form  of  colorless  crystals. 


The  Isomeric  structure,  with  respect  to  unithiol,  of  this  sodium  dimercaptopropanesulfonate  is  confirmed 
by  a  certain  difference  in  their  properties.  For  example,  isounithiol  is  more  difficultly  soluble  in  water  and 
alcohol  than  unlthiol.  The  S -benzyl thiuronium  salts  (VII),  obtained  from  the  products  of  the  reaction  of  Iso- 
unlthiol  with  PbO,  ZnO,  HgO,  benzaldehyde  and  acetophenone,  have  lower  melting  points  (except  the  Pb  salt) 
than  the  corresponding  salts  (VIII)  in  the  unithiol  series  (see  table)  :  BT  =  cation  of  S -benzyl thiuronium). 


When  isounithiol  is  oxidized  by  iodine  it  Is  converted  to  the  corresponding  cyclic  disulfide,  sodium  1,2- 
dithloIan-4-sulfonate  characterized  In  the  form  of  the  S -benzyl thiuronium  salt.  The  latter  melted  considerably 
lower  (90-92*)  than  the  benzylthiuronium  salt  obtained  from  the  oxidation  product  of  unithiol  (177-178*)  [2]. 


Isounithiol  forms  stabler  complexes  than  unithiol  with  certain  heavy  metals. 


IISCII.,.  T  S— GH2\ 

)GlIS03Na  -i-  I  >GlIS03Na, 

HSCU/  S-CU/ 


S -Benzylthiuronium  Salts  of  Derivatives  of  Isounithiol  and  Uni  thiol 


\ 

General  formula 

•o 

V 

.S-CH,. 

A<  >CHS0,BT 

1  ^S-CH,' 

1  (VII) 

S-CII, 

\s-chch,so,bt 

(VIII) 

u 

found 

Melting 

point 

<7oN 

found 

Melting 

point 

Vh 

G.,H,c03N2S4Pb 

5.01 

4.69,  4.6() 

162'^ 

152°  |0] 

Zn 

6.71 

6.91,7.09 
5.40,  5.47 

155 

— 

164  («1 

CuHl603N2S4Hg 

5.07 

128-129 
Temp,  dec  on 
9‘J— 100 

ip. 

150 1«] 

Temp.docom 

143—144 

(.ulIjGH 

^18  ^^‘22^3  ^2^4 
^'10^124^3^284 

6.33 

6.49,  6.61 

6.27 

QHs^^Clls 

6.14 

6.39,  6.42 

150 

6.34,  6.14 

170 

EXPERIMEN  TAL 

1,3-DIthloglycerln  was  obtained  In  the  form  of  its  Pb  salt.  Glycerin  dichlorohydrln  (62.5  g)  was  digested 
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with  an  alcoholic  solution  of  KSH  (from  100  g  of  KOH  in  450  ml  of  alcohol)  for  6  days  at  room  temperature 
(23-26*) .  The  precipitate  of  KCl  was  separated.  35.1  g  (58. 5*^0)  of  dithiol  was  found  iodometrically  in  the 
filtrate  (after  acidification  with  acetic  acid  to  Congo  and  removal  of  hydrogen  sulfide  by  injection  of  COj).  The 
filtrate  was  poured  into  a  solution  of  lead  acetate  (1  38  g  in  500  ml  of  water).  The  precipitate  of  lead  mercaptide 
was  washed  repeatedly  on  the  filter  with  hot  water  (4  liters).  83.9  g  of  the  Pb  salt  of  1,3-dithioglycerin  ,  with 
a  purity  of  (lodometrlc  titration  in  10%  112804)  was  obtained. 

Found  %:  Pb  63.70.  C3HeoS2Pb.  Calculated  %Pb  62.93. 

2-Phenyl-5-hydroxy-l,3-dithian  (I).  80  g  of  the  finely  crushed  Pb  salt  of  1,3-dithioglycerln  was  well 
mixed  with  a  15%  alcoholic  solution  of  HCl  (200  ml),  the  precipitate  was  separated  and  again  mixed  with  the 
same  solution  (100  ml).  29.2  g  of  dithiol  (97%,  calculated  on  the  Pb  salt)  was  found  in  the  filtrate  from  both 
treatments  of  the  precipitate).  The  alcoholic  solution  of  1,3-dithioglycerin  ,  containing  HCl,  obtained  was 
mixed  with  benzaldehyde  (25  g).  The  next  day  the  solution  was  poured  into  ice  water  (600  ml).  The  precipitate 
of  2-phenyl-5-hydroxy-l,3-dithian  deposited  was  washed  with  water  and  dried  over  CaCl2.  The  yield  was  43. 5 g 
(87%).  It  was  in  the  form  of  colorless  crystals  with  an  m.p.  of  115"  (from  benzene),  literature  data  [5]:  m.p. 
142-143’. 

Found  %:  S  31.00.  CioH^OSj  Calculated  %:  S  30.22. 

2-Phenyl-5-bromo-l,3-dithian  (II).  PBr,  (19.4  g)  was  added  gradually  with  cooling  to  2-phenyl -5- 
hydroxy-l,3-dithian  (43  g)  The  mixture  was  heated  for  1  hour  on  a  water  bath.  Two  layers  of  liquid  were 
formed.  The  lower  layer  was  thrown  away;  the  upper  (clearer)  layer  was  poured  into  ice  water  (300  ml).  The 
precipitate  of  phenylbromodithian  deposited  was  filtered  and  washed  with  water.  The  yield  was  48.1  g  (86%). 

It  was  in  the  form  of  colorless  needles  with  an  m.p.  of  65-67°  (from  alcohol).  It  was  obtained  for  the  first  time. 

Found  %:  Br  29.45,  S  23.57.  CioH^SgBr.  Calculated  %:  Br  29.09;  S  23.27. 

Sodium  2-phenyl-l,3-dIrhIan-5-sulfonate  (III).  The  crude  2-phenyl-5-bromo-l,3-dithIan  (46  g)  was 
heated  with  a  freshly  prepared  solution  of  sodium  sulfite  (from  21.6  g  of  soda  in  120  ml  of  water  and  SO2)  al¬ 
most  to  boiling  for  1  hour  (until  the  precipitate  of  bromide  had  completely  disappeared).  When  it  had  cooled, 
sodium  2-phenyl-l ,3-dithian-5-sulfonate  was  precipitated  in  the  form  of  a  colorless  crystalline  powder.  The 
yield  was  42.9  g  (79%).  It  was  obtained  for  the  first  time.  The  analysis  was  carried  out  after  recrystallization 
from  water. 

Found  %;  Na  7.49.  CioHuOjSjNa.  Calculated  %:  Na  7.72. 

Sodium  l,3-mercurydimercaptopropane-2-sulfonate  (IV;  technical  product).  35  g  of  mercuric  chloride 
and  12  g  of  sodium  bicarbonate  were  added  for  1  hour  in  small  portions  with  stirring  and  heating  (bath  tempera¬ 
ture  60-65°)  to  a  solution  of  40  g  of  crude  sodium  2-phenyl-l, 3-dithian-5-sulfonate.  The  solution  was  then 
heated  for  another  hour,  after  which  44.8  g  (81%)  of  sodium  mercurydimercaptopropanesulfonate  was  detected 
In  It  iodometrically.  The  salt  was  precipitated  from  the  solution  by  alcohol  (500  ml)  In  the  form  of  the  tech¬ 
nical  product,  72%  pure. 

Lead  l,3-leaddlmercaptopropane-2-sulfonate  (VI). 36.8  of  the  finely  crushed  technical  meicuro -sodium 
salt  of  l,3-dimercaptopropane-2-sulfonic  acid  was  decomposed  with  hydrogen  sulfide  In  100  ml  of  alcohol. 

After  filtration  the  precipitate  was  treated  with  hydrogen  sulfide  in  a  fresh  amount  of  alcohol.  The  hydrogen 
sulfide  was  removed  from  the  combined  filtrates  by  a  current  of  CO2,  after  which  8. 7  g  (70%)  of  sodium  1,3- 
dimercaptopropane-2-sulfonate  was  found  in  the  solution.  When  it  was  poured  into  a  hot  solution  of  lead  acetate 
(25  g  In  120  ml  of  water)  a  yellow  precipitate  of  the  lead  salt  was  deposited;  this  was  washed  on  the  filter  with 
hot  water.  The  yield  was  18.8  g.  From  the  data  of  an  iodometric  titration  (in  10%  H2SO4)  it  was  a  technical 
product  80%  pure.  It  contained  admixtures  of  plumbous  chloride. 

Sodium  l,3-dimercaptopropane-2-sulfonate  (V;  isounithiol).  A  current  of  hydrogen  sulfide  was  passed 
for  about  2  hours  through  a  suspension  of  18.7  g  of  the  finely  crushed  lead  salt  of  l,3-dimercaptopropane-2- 
sulfonic  acid  in  75  ml  of  alcohol.  The  black  precipitate  was  separated  and  was  treated  again  by  the  same 
method  in  50  ml  of  alcohol.  The  filtrates  were  combined  and  evaporated  until  the  concentration  of  thedithlole 
acid  was  15-17%  5.7  g  of  thedithlole  acid  was  found.  The  solution  was  neutralized  with  sodium  bicarbonate 

while  heated  on  a  water  bath.  After  It  had  cooled  3. 9  g  of  isounithiol  was  deposited  from  the  solution  in  the 
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form  of  fine  plates,  98*^  pure.  It  contained  one  molecule  of  water  of  crystallization.  After  this  had  been  re¬ 
moved  (at  7(r  under  vacuum  the  m.p.  was  180-19T;  the  temp,  of  decomp,  was  220*. 

Found  %:  SH  28.50;  Na  10.17;  HjO  7.45.  CsH^jSjNa  •  HjO.  Calculated  SH  28.98;  Na  10.08;  H,0 

7.89. 

In  addition,  a  further  2. 1  g  of  impure  isounithiol  (68%  pure)  was  precipitated  from  the  mother  liquor 
with  ether. 

The  sodium  salts  of  1, 3-lead-, 1,3-zlnc-  and  l,3-mercury-dlmercaptopropane-2-sulfonic  acid  were 
obtained  from  isounithiol  and  lead,  zinc  and  mercuric  oxides  in  the  same  way  as  from  unithiol,  followed  by  the 
conversion  of  the  sodium  salts  to  the  conesponding  S -benzyl thluroilium  salts  [6]  (Table  1).  The  latter  were 
colorless  (yellow  in  the  case  of  Pb)  amorphous  powders. 

Sodium  2-phenyl -l,3-dithiolan-4-methylsulfonate  (VIII;  A  =  C^gCH).  2. 1  g  of  benzaldehyde  and  3 
drops  of  cone.  HCl  were  added  to  a  solution  of  4. 6  g  of  unithiol  in  10  ml  of  water.  When  the  mixture  was 
shaken  an  exothermic  reaction  took  place.  The  next  day  the  precipitate  of  the  salt  deposited  was  washed  with 
water,  alcohol  and  ether.  The  yield  was  6.2  g.  It  was  in  the  form  of  lustrous  plates,  moderately  soluble  in 
water;  the  temp,  of  decomp,  was  233-235*  (from  alcohol). 

Found  %:  Na  7.77.  CioHii03S3Na.  Calculated  %:  Na  7.71. 

Sodium  2-methyl-2-phenyl-l,3-dithiolan-4-methylsulfonate  (VIII;  A  =  C^5CH3).  This  was  obtained  in 
a  similar  manner  to  the  previous  product,  from  unithiol  and  acetophenone.  A  precipitate  of  the  salt  separated 
out  after  the  mixture  had  stood  for  4  days.  It  was  in  the  form  of  lustrous  rectangular  plates,  moderately  soluble 
in  water.  The  m.p.  was  142-145*  (from  waterX 

Found  % :  Na  7.18.  Calculated  %:  Na  7.36. 

Attempts  to  separate  the  salt  into  the  Isomers  (cis  and  trans)  by  fractional  crystallization  from  alcohol  or 
water  were  unsuccessful  (the  S -benzyl thluronium  salts,  obtained  from  different  fractions  of  the  sodium  salts, had 
the  same  melting  point;  the  mixtures  did  not  show  any  depression  of  the  melting  point). 

Sodium  2-phenyl-  and  2-methyl -2-phenyl-l,3-dlthian-5-sulfonate  (VII;  A  =  CjHsCH  and  C^sCCHs) 
were  obtained  in  an  analogous  manner  by  condensing  isounithiol  with  benzaldehyde  and  acetophenone,  respec¬ 
tively.  They  were  in  the  form  of  colorless  crystalline  powders.  They  were  characterized  in  the  form  of  the 
S -benzyl thiuronium  salts  (table). 

Sodium  l,2-dithiolan-4-sulfonate.  0.28  g  of  iodine  was  added  with  stirring  to  a  solution  of  0.5  g  of 
Isounithiol  in  2.5  ml  of  water.  The  solution  obtained  was  partially  evaporated  on  a  water  bath.  The  salt  was 
precipitated  with  alcohol.  The  yield  was  0.2  g.  It  was  a  cream -colored  finely  crystalline  powder.  Aqueous 
solutions  of  the  salt  had  a  yellow  color. 

Found  %:  Na  10.64.  C3H50jS3Na.  Calculated  %:  Na  1L05. 

The  S-benzylthluronlum  salt  was  a  finely  crystalline  powder  with  a  faint-yellow  color;  the  m.p.  was 
90-92*. 

Found  %:  N  8.07,  8.13.  CiiHi6P3N2S4.  Calculated  %s  N  7.95. 


SUMMARY 

The  synthesis  of  the  isomer  of  unithiol  —  sodium  l,3-dImercapto-propane-2-sulfonate  —  and  also  its 
oxidation  product,  sodium  l,2-dIthIolan-4-sulfonate,  was  carried  out  for  the  first  time  by  the  exchange  re¬ 
action  of  2-phenyl-5-bromo-l,3-dIthIan  with  sodium  sulfite  followed  by  treatment  of  the  sodium  2-phenyl- 
l,3-dithian-5-sulfonate  formed  with  mercuric  chloride  in  the  presence  of  soda.  Certain  derivatives  of  Iso¬ 
unithiol  were  obtained  and  characterized. 
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SYNTHESIS  AND  PROPERTIES  OF  PYRROLIDINE  BASES. 

V.  ETHYL  ETHER  OF  5 -METHYL -PROLINOL  AND  ITS  N-SUBSTITUTED  HOMOLOGS 
A.  P,  Tferent’ev,  M.  A.  Volodina,  and  L.  G.  Vasina 
Moscow  State  University 


Continuing  our  Investigations  [1,2],  we  have  carried  out  the  hydroamlnatlon  of  a-ethoxymethyl-  y-aceto- 
propyl  alcohol  (I)  for  the  purpose  of  synthesizing  derivatives  of  5-methylprollnol  and  Its  N -substituted  homologs. 
Some  derivatives  of  this  class  have  considerable  physiological  activity  [3]. 

In  the  present  communication  we  describe  the  preparation  of  the  ethyl  ether  of  5-methylprollnol  and  Its 
N-substltuted  homologs  (II)  by  the  hydroamlnatlon  of  a-ethoxymethyl -y -acetopropyl  alcohol  with  formamlde 
and  Its  N-substltuted  derivatives. 


CHa— Clla 

I  I 

CFl,— G  CH— ClIaOCgHB 

I  U 
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GHa— CHa 

.  I  I 
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(iia)  R  =  H 
(Ilb)  R=CH, 
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The  starting  a-ethoxymethyl -y -acetopropyl  alcohol  (I)  was  synthesized  by  the  following  scheme: 
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We  accomplished  the  preparation  of  the  ethyl  ether  of  the  a-monochlorohydrln  of  glycerin  (III)  from 
eplchlorohydrln  In  the  presence  of  anhydrous  stannic  chloride  [4]  or  boron  fluoride  etherate  [5]. 

We  carried  out  the  condensation  of  sodium  acetoacetlc  ester  with  the  ethyl  ether  of  glycldol  with  some 
changes  In  the  method  published  previously  [4]  that  Increased  the  yield  of  the  lactone  (V)  up  to  80%  (compared 
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with  46<7o  Indh  aied  by  the  authors).  The  lactone  (V)  was  decarboxylated  by  the  method  of  Vanderwerf  [6]  with 
dilute  hydrochloric  acid. 

In  the  hydroamlnatlon  of  the  y -ketoalcohol  we  sometimes  used  the  formyl  derivative  of  the  amine  which 
had  been  prepared  beforehand,  and  sometimes  (for  the  ethyl-  and  butylamlne)  heated  a  mixture  of  the  y -keto¬ 
alcohol,  amine,  and  formic  acid,  which  procedure  did  not  lower  the  yield  of  the  pyrrolidine  base. 

Introduction  of  a  nickel  catalyst  [7]  Into  the  reaction  mixture  did  not  noticeably  affect  the  yield  of  the 
pyrrolidine  base;  however.  It  permitted  an  appreciable  lowering  of  the  temperature  of  the  hydroamlnatlon  re¬ 
action. 

The  presence  In  the  pyrrolidine  bases  prepared  by  us  of  two  asymmetric  centers  greatly  complicated  the 
separation  of  the  Individual  compounds.  In  most  cases  the  plcrates  and  plcrolonates  of  the  pyrrolidines  obtained 
were  Isolated  as  noncrystallizing  oils. 

Rather  unexpected  (but  apparently  not  accidental)  for  pyrrolidines  of  such  structure  was  the  fact  that  the 
molecular  refraction  was  low  by  approximately  two  units  In  comparison  with  the  theoretically  calculated  value. 
Cases  of  exaltation  of  the  molecular  refraction  had  been  observed  previously  for  pyrrolidine  bases  with  aromatic 
substituents  on  the  nitrogen  [8]. 


EXPERIMENTAL 

Ethyl  ether  of  the  a-monochlorohydrln  of  glycerin  (III).  1.  In  a  four-necked  flask  fitted  with  a  stirrer, 
reflux  condenser,  dropping  funnel,  and  thermometer  were  placed  300  ml  of  anhydrous  ethyl  alcohol,  and  6.6  g 
(5  ml)  of  anhydrous  stannic  chloride,  and  then  92.5  g  of  epichlorohydrln  was  Introduced  in  small  portions.  After 
half  of  the  epichlorohydrln  had  been  added,  a  rapid  rise  In  temperature  was  observed.  The  temperature  of  the 
reaction  mixture  was  kept  at  50-60*  by  cooling.  To  complete  the  reaction,  the  mixture  was  heated  for  30  minutes 
at  the  same  temperature,  then  neutralized  and  fractionated  under  reduced  pressure.  132  g  (937o  of  the  ethyl 
ether  of  the  a-monochlorohydrin  of  glycerin  was  obtained. 

B.p.  71-7?  (12  mm),  d^”  1.1110,  n^*®  1.4443,  MR^  33.15;  calc.  33.32. 

2.  To  a  mixture  of  230  ml  of  anhydrous  alcohol  and  0.3  ml  of  boron  fluoride  etherate  cooled  to-iO*  In  a 
three-necked  flask  with  a  stirrer,  thermometer,  and  condenser  was  added  92.5  g  of  epichlorohydrln  In  small 
portions.  The  reaction  proceeded  with  appreciable  evolution  of  heat.  The  process  was  carried  out  at  50-60*, 
with  cooling.  In  4  hours  the  mixture  was  fractionated,  after  the  boron  fluoride  etherate  had  first  been  decomposed 
by  treatment  with  potassium  hydroxide.  125  g  (84%)  of  the  ethyl  ether  of  the  a-monochlorohydrln  of  glycerin 
was  obtained. 

B.p.71-7?  (12  mm),  d4*®  1.1117,  n^*®  1.4445,  MRq  33.14;  calc.  33.32.  Literature  data  [4,5];  b.p.  185-18?, 

d^^  1.1247,  nj)*®  1.4450. 

Ethyl  ether  of  glycldol  (IV)  [6].  82  g  (91%)  of  the  ethyl  ether  of  glycidol  was  obtained  from  72  g  of  finely 
ground  potassium  hydroxide  and  124  g  of  the  ethyl  ether  of  the  a-monochlorohydrin  of  glycerin. 

B.p.  124-126’  (756  mm),  d4*®  0.9440,  np*®  1.4075,  MRp  26.00;  calc.  26. 37.  literature  data  [6]:  b.p. 
128-130*,  d4“  0.9554,  n^*®  1.4080. 

g-Aceto-a-ethoxy-y-valerolactone  (V)[4].  To  200  ml  of  anhydrous  methyl  alcohol  placed  In  a  liter 
three-necked  flask  (fitted  with  a  stirrer,  thermometer,  and  condenser)  was  added  18.4  g  of  metallic  sodium. 

To  the  sodium  methylate  obtained  was  added  104  g  of  acetoacetlc  ester,  and  then  71.4  g  of  the  ethyl  ether  of 
glycidol  was  added  at  50*.  The  reaction  mixture  was  stirred  for  6  hours,  after  which  It  was  allowed  to  stand 
overnight.  The  alcohol  was  distilled  off  in  vacuo  and  the  residue  was  neutralized  with  10%  acetic  acid  and 
extracted  with  ether.  The  ether  extracts  were  dried  with  calcined  potassium  carbonate  and  fractionated.  90  g 
(79.5%)  of  a-aceto-fi-ethoxy-y-valerolactone  was  obtained 

B.p.  156-15?,  d4*®  0.9036,  n^*®  1.4570,  MRq  44.75;  calc.  44  87.  Literature  data  [4]:  b.p.  159-16? 

(12  mm),  nj)*®  1.4566. 
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a-Ethoxymethyl- y-acetopropyl  alcohol  (I)  [4].  A  mixture  of  93  g  of  (V),  50  ml  of  concentrated  hydro- 
chlorlc  acid,  and  250  ml  of  water  was  refluxed  on  a  water  bath  for  5-6  hours  until  the  evolution  of  carbon 
dioxide  gas  ceased.  The  reaction  mixture  was  saturated  with  potassium  carbonate,  extracted  with  ether,  and 
dried  with  fused  potassium  carbonate.  After  fractionation,  60  g  (87. 5%)  of  ot-ethoxym ethyl- y-acetopropyl 
alcohol  was  obtained. 

B.p.  116-lir  (10  mm),  d4*®  1.021,  n^*®  1.4415,  MR^  41.86;  calc.  42.22.  Literature  data  [4]:  b.p. 
124-126’  (13  mm),  np*®  1.4412. 

Ethyl  ether  of  5-methylprolInol  (Ila).  In  a  distilling  flask,  provided  with  a  thermometer  lowered  into  the 
liquid  and  a  receiving  vessel,  was  placed  a  mixture  of  30  g  of  ot-ethoxymethyl-y -acetopropyl  alcohol,  56  g  of 
formamlde,  and  2  g  of  powdered  nickel.  The  reaction  started  at  140“  and  proceeded  with  copious  evolution  of 
carbon  dioxide  gas.  In  2  hours  the  temperature  rose  to  160“  and  the  evolution  of  carbon  dioxide  slackened.  The 
reaction  mixture  was  cooled  to  room  temperature,  5  ml  of  anhydrous  formic  acid  was  added,  and  heating  was 
continued.  The  reaction  again  started  at  140*.  As  the  evolution  of  carbon  dioxide  gas  slackened,  the  addition 
of  formic  acid  was  repeated  (for  6-8  hours).  Heating  was  continued  for  48  hours.  After  the  reaction  mixture  had 
been  cooled,  70  ml  of  cone.  HCl  and  210  ml  of  water  were  added  and  the  mixture  was  boiled  for  6  hours.  The 
reaction  product  was  neutralized  with  a  solution  of  sodium  hydroxide  and  extracted  with  ether.  The  extract 
was  dried  with  potassium  hydroxide  and  fractionated.  12.7  g  {50<^o)  of  2-methyl -5-ethoxymethylpyrrolldine  was 
obtained. 

B.p.  115-lir  (7  mm),  d4*®  0.9640,  n^*®  1.4571,  MR^  40. 47;  calc.  42. 19. 

Plcrate  ~  fine  flakes  (from  alcohol)  with  m.p.  130-131". 

Found  o]a  N  14.43,  14.25.  C14H22O8N4.  Calculated  N  14.43. 

Ethyl  ether  of  1,5-dlmethylprollnol  (Ilb).  In  a  manner  similar  to  that  described  above  for  (Ila),  a  reaction 
was  carried  out  with  10  g  of  a-ethoxy-methyl  -y-acetopropyl  alcohol,  20  g  of  methylformamlde,  and  1  g  of 
powdered  nickel.  The  mixture  was  heated  for  42  hours  at  130-180",  during  which  20  ml  of  anhydrous  formic 
acid  was  added.  After  hydrolysis  with  hydrochloric  acid  (50  ml  cone.  HCl  in  100  ml  of  water),  the  treatment 
described  for  (Ila)  was  carried  out.  4  g  (40%)  of  the  ethyl  ether  of  1,5-dImethylprolInd  was  obtained. 

B.p.  114-115*  (7  mm),  d4*®  0.9425,  n^*®  1.4500,  MR^  44.90;  calc.  47.14. 

Found  %:  N  8.96,  8,45.  C9H19ON.  Calculated  %:  N  8.79. 

Ethyl  ether  of  l-ethyl-5-methylprolinol  (lie).  A  mixture  of  30  g  of  ethylamlne,  63  g  of  85% formic  acid, 

15  g  of  (I)  and  2  g  of  nickel  was  heated  for  30  hours,  at  a  temperature  not  above  180",  After  this  time,  15  ml  of 
anhydrous  formic  acid  was  added  to  the  mixture.  The  reaction  product  was  boiled  with  70  ml  of  concentrated 
hydrochloric  acid  and  140  ml  of  water  for  5  hours.  After  treatment  as  described  above  for  (Ila),  8  g  (50%)  of  the 
ethyl  ether  of  l-ethyl-5-methylprolInol  was  obtained 

B.p.  108-110*  (4  mm),  d4“  0. 9266,  n^*®  1.4504,  MR^  49.71;  calc.  51.76. 

Found  %;  N  7.60,  7.88.  CioHjiON.  Calculated  %:  N  8. 18. 

Ethyl  ether  of  1-butyl -5-methylprolinol  (lid).  A  mixture  of  20  g  of  (I),  42.8  g  of  butylamine,  45  g  of  85% 
formic  acid,  and  2  g  of  powdered  nickel  was  heated  for  45  hours  at  150-180*.  After  this  time,  25  ml  of  anhydrous 
formic  acid  was  added.  Further  treatment  and  separation  was  carried  out  as  described  above.  10  g  (44.4%)  of  the 
ethyl  ether  of  l-butyl-5-methylprolinol  was  obtained. 

B.p.  120-121*  (2  mm),  d/®  0.9115,  n^*®  1.4508,  MR^  58.86;  calc.  60.99. 

Found  %:  N  6.54,  6.64.  CuHjjON.  Calculated  %  N  7.02 

SUMMARY 

By  hydroamlnatlon  of  a-  ethoxymethyl-y -acetopropyl  alcohol  with  formamlde  and  Its  N-substltuted 
derivatives,  the  following  compounds  were  obtained  in  40-50%  yields:  ethyl  ether  of  5-methylprolInol  (Ila), 
ethyl  ether  of  1,5-dImethylprolinol  (lib),  ethyl  ether  of  1-ethyl -5-methylprolinol  (lie),  and  ethyl  ether  of 
l-butyl-5-methyl  prolinol  (Ild). 
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METFiOD  OF  INTRODUCING  S  U  B  S  T  IT  U  T  E  N  T  S  INTO  THE  BENZENE  RING 
OF  INDOLE. 

II.  PREPARATION  OF  5-BROMO-l-METHYLINDOLE  AND  5-AMINO-l-METHYLINDOLE. 

A.  P.  Terent’ev  and  M  N.  Preobrazhenskaya 
Moscow  State  University 


In  the  first  communication  [1]  we  have  described,  through  the  example  of  6-nltro-l-methylindole  and 
6-amino-l-methyIindole,  a  new  method  for  the  synthesis  of  Indoles  substituted  in  the  benzene  ring.  The  pro¬ 
posed  method  Is  essentially  as  follows:  Indole  (or  Its  homolog)  Is  reduced  to  the  corresponding  dihydroindole 
(Indollne),  which  Is  an  aromatic  amine  and  consequently  capable  of  replacement  reactions  In  the  benzene  ring. 
After  the  Introduction  of  the  appropriate  substltutent,  the  Indollne  Is  dehydrogenated  to  the  Indole. 

The  first  stage  of  this  method  —  the  reduction  of  Indole  and  Its  homologs  —  does  not  present  any  difficulties. 
1-Methyllndole,  methylketole,  and  skatole  are  easily  reduced  by  the  action  of  zinc  or  tin  In  hydrochloric  acid 
[2,  3],  and  also  electrolytically  [4].  Dihydroindole  Is  formed  In  low  yield  by  the  electrolytic  reduction  of  Indole, 
but  It  Is  obtained  In  yields  up  to  by  the  hydrogenation  of  Indole  In  the  presence  of  Raney  nickel  at  100* 
and  100  atm,  [5,6]. 

The  second  stage  —  replacement  of  hydrogen  In  the  benzene  ring  of  the  Indoles  —  has  been  studied  com¬ 
paratively  little.  By  nitration,  nitrosatlon,  and  azo  coupling  of  dihydromethylketole  and  dihydroskatole,  the 
corresponding  nitro-,  nitroso-,  and  azo-compounds  were  obtained  r3,7]andfrom  them, 5-  and  6-amInodIhydro- 
methylketole  and  -skatole  were  prepared.  By  dlazotlzatlon  of  6-amlnodlhydroskatole  and  6-amInodlhydro- 
methylketole,  Braun  [7]  prepared  the  corresponding  hydroxylndolines.  Proof  of  the  position  of  the  substitutents 
In  the  Indollne  nucleus  Is  not  cited  In  his  work.  With  these  few  references  the  literature  on  the  problem  under 
consideration  Is  exhausted. 

The  third  step  —  dehydrogenation  of  the  Indollnes  “  has  been  described  In  several  Instances.  Julian  and 
Printy  [8]  dehydrogenated  1-methylIndolIne  by  boiling  with  chloranil  in  xylene.  Woodward  et  al.  [9]  prepared 
lysergic  acid  by  heating  dlhydrolyserglc  acid  with  Raney  nickel  and  sodium  arsenate.  Of  great  Interest  are  the 
publications  of  Japanese  Investigators  [10-12]  who  dehydrogenated  Indollne  and  tetrahydrocarbazole  by  the  use 
of  platinum  black  and  such  hydrogen  acceptors  as  cinnamic  acid  or  safrole.  The  dehydrogenation  of  Indollne 
on  a  Ni  —  NlCrO^  catalyst  at  200"  also  has  been  described  [  13],  as  well  as  the  preparation  of  methylketole  by 
distillation  of  dihydromethylketole  over  silver  sulfate  [14,  4]. 

The  proposed  method  of  synthesis  of  indoles  substituted  In  the  benzene  ring  Is  based  on  "temporary  shutting 
off"  from  reaction  of  the  very  active  2,3-posItions  of  Indole.  In  other  words.  It  is  possible  In  this  way  to  avoid 
up  to  the  last  stage  those  properties,  troublesome  in  connection  with  the  synthesis,  which  are  characteristic  of 
Indole,  since  In  the  main  the  reactions  are  carried  out  with  typical  aromatic  amines. 

In  the  present  work  we  started  with  1-methylIndole,  which  was  prepared  by  the  methylatlon  of  Indole  with 
dimethyl  sulfate  in  liquid  ammonia  (yield  95%)  [  15].  Then  the  1-methylIndole  was  reduced  to  1-methyllndolIne 
(I)  (80%)  by  the  action  of  zinc  In  hydrochloric  acid.  Like  dimethyl -o-toluldine,  1-methyllndollne  Is  easily 
nitrated  by  a  mixture  of  sulfuric  and  nitric  acids  to  yield  6-nitro-l-methyllndollne. 
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By  the  bromination  of  the  sulfate  of  (I)  In  glacial  acetic  acid  we  obtained  5-bromo-l-methylIndolIne  (11) 
In  66%  yield.  The  latter,  upon  heating  with  chloranil  In  xylene,  gave  5-bromo-l-methyllndole  (III)  In  53% 
yield.  Thus,  the  yield  of  (III)  calculated  on  indole  was  27%  It  was  not  possible  to  use  Raney  nickel  or  palla¬ 
dium  black  to  dehydrogenate  5-bromo-l-methyllndolIne,  since  In  this  Instance  splitting  out  of  an  atom  of 
bromine  occurred. 

For  proof  of  the  structure  of  (III)  we  oxidized  it  with  chromic  acid.  5-Bromo-l-methyllsatIn  (IV)  was 
Isolated.  We  also  prepared  5-bromo-l-methylisatln  by  the  method  described  In  the  literature  (bromination  of 
Isatin  and  methylatlon  of  the  5-bromolsatln  with  dimethyl  sulfate  [16,17]).  A  mixed  sample  of  (IV)  obtained 
by  the  oxidation  of  (HI),  and  (IV)  obtained  from  isatin  gave  no  depression  in  melting  point. 

1-Methyllndollne  (I)  readily  entered  Into  an  azo  coupling  reaction  with  sulfanllic  acid.  As  is  known, 
dimethyl -o-toluidine  couples  only  In  strongly  alkaline  media  and  moreover  only  with  such  active  diazo  com¬ 
pounds  as  dlchlorodiazobenzene,  [18,  19j.  In  contrast  to  this, (I)  coupled  in  mineral  acid  medium, quantitatively 
forming  the  azo  dye  (V),  which  was  extremely  difficultly  soluble  in  water. 
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Apparently  (V)  was  an  inner  salt.  In  this  case,  if  azo  coupling  was  carried  out  in  alkaline  medium.lt  was 
possible  to  separate  the  very  water-soluble  sodium  salt  of  the  azo  compound  (VI).  The  azo  dye  (V)  dissolved 
in  alkali  upon  heating  the  solution  had  the  same  color  as  a  solution  of  (VI)  In  water.  Upon  acidification,  the 
color  changed.  The  absorption  spectra  in  the  ultraviolet  region  for  (V)  and  (VI)  were  similar. 

When  (V)  or  (VI)  was  reduced  with  stannous  chloride  In  hydrochloric  acid  (or  with  sodium  hydrosulfite 
in  weakly  alkaline  medium),  we  obtained  5-amino-l-methylIndollne  (VII)  (59%)"*  a  compound  very  similar  in 
its  properties  to  unsym -dimethyl -p-phenylenediamine. 

Heating  (VII)  to  180*  with  phthallc  anhydride  gave  a  quantitative  yield  of  5-phthalimido-l-methylIndolIne 
(VIII),  The  latter  was  dehydrogenated  with  chloranil  to  5-phthalImIdo-methylIndole  (IX)  (49%). Upon  boiling (IX) 
with  hydrazine  hydrate  In  methyl  alcohol,  we  obtained  5-amino-l-methylindole  (X)  (80%). The  yield  calculated 
on  the  Indole  was  17.5%  In  the  free  state  (X)  was  a  very  unstable  compound,which  quickly  reslnifled  upon  storage. 

The  compound  showed  very  distinct  trlboluminescent  properties.  When  the  crystals  were  ground,  a  blue 
luminescence  appeared,  noticeable  even  in  daylight.  Upon  simply  shaking  the  crystals  in  a  glass  test  tube  in  the 
dark,  bright  blue  flashes  were  visible. 
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By  benzoylatlon  of  (X)  by  the  Schotten-Baumann  method,  5-bcnzoylamIdo-l-methyllndole  (XI)  was 
obtained. 


To  determine  the  position  of  the  amino  group  In  5-amIno-l-methyllndollne  (VIII),  It  was  replaced  with 
bromine  by  the  Sandmeyer  reaction.  A  mixed  sample  of  the  picrate  of  5-bromo-l-methyllndollne  obtained 
by  the  bromlnatlon  of  1-methyllndollne  and  the  picrate  of  5“bromo-l-methyllndollne  obtained  by  dlazotlzatlon 
of  5-amlno-l-methyllndolIne  gave  no  depression  In  melting  point. 

Dlmethyl-o-toluldlne  Is  not  nltrosated  by  nitrous  acid  under  the  conditions  In  which  dlmethylanlllne 
usually  Is  prepared.  In  an  attempt  to  nltrosate  the  1-methylIndollne  In  such  a  manner,  we  were  not  able  to 
Isolate  5-nltroso-l-methyllndollne.  However,  If  without  trying  to  Isolate  the  nltroso  derivative  we  Introduced 
zinc  dust  Into  the  reaction  mixture,  then  5-amlno-l-methyllndollne  was  formed  In  low  yield  (Isolated  as  the 
benzoyl  derivative).  By  nltrosatlon  of  1-methyllndollne  with  butyl  nitrite  (In  the  presence  of  hydrogen  chloride) 
we  succeeded  In  obtaining  and  Isolating  5-nltroso-l-methyllndollne  (XII)  In  37%  yield. 

To  prove  the  structure  of  (XII),  It  was  reduced  and  converted  to  the  benzoyl  derivative.  5-BenzoylamIdo- 
1-methylIndolIne  obtained  from  (XII)  and  5-benzoyl-amIdo-l-methylindoline  obtained  from  (VII)  gave  no  de¬ 
pression  In  a  mixed  melting  point  test. 

We  determined  the  molecular  refraction  for  5-bromo-l-methyllndole  (III).  The  value  of  MR^  found 
agrees  with  the  calculated  value.  If  the  Increment  of  the  molecular  refraction  for  nitrogen  Is  taken  as  4. 360 
(as  In  a  quaternary  aliphatic -aromatic  amine).  Since  up  to  the  present  time  there  have  been  no  reports  In  the 
literature  of  the  measurement  of  Ml^  for  the  Indoles,  we  determined  MR^  for  1-methyllndole;  the  Value  found 
agreed  with  the  calculated. 


EXPERIMENTAL 

1-Methyllndole.  1-Methyllndole  prepared  by  methylating  Indole  with  dimethyl  sulfate  In  liquid  ammonia 
[15]  had:  b.p.  113*  (5  mm),  d4^®  1.4076,  n^^^  1.5993,  MR^^  42.80;  calc.  42.95.  • 

Colorless  liquid,  quickly  becoming  yellow  on  storage.  It  did  not  have  a  characteristic  Indole  or  skatoleodor. 

5-Bromo-l-methylIndollne  (II).  39.9  g  of  (I)  was  dissolved  In  100  ml  of  glacial  acetic  acid,  15.6  ml  of 
cone.  H2SO4  was  added,  and  48  g  of  bromine  was  run  in  dropwise  with  vigorous  stirring.  When  addition  of  the 
bromine  had  been  completed,  the  reaction  mixture  was  stirred  for  1  hour  more,  and  then  the  red  solution  was 
poured  into  an  excess  of  alkali.  The  reaction  product  was  steam -distilled.  An  ether  extract  was  dried  with 
potassium  carbonate.  Upon  distillation,  41.3  g  (66.3%)  was  obtained  of  a  fraction  with  b.p.  114-120*  at  2  mm. 
The  almost  colorless  liquid  darkened  upon  keeping  In  the  air.  The  compound  was  distilled  repeatedly. 

B.p.  120*  at  2  mm,  d4^®  1.4309,  n^^®  1.6082,  MRp  51.27;  calc.  51.19. 

•Here  and  In  subsequent  cases,  in  calculating  the  increment  for  nitrogen  was  taken  as  4.360. 
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Found  C  51.07;  H  4.81.  C^HjoNBr.  Calculated  <7(1  C  50.97  H  4.75. 

Oxalate  of  5-bromo-l-methyllndolIne.  M.p.  137-138*  (with  decomp.,  from  anhydrous  alcohol). 

Found  '’Ja  N  4.26.  Ci|Hi204NBr.  Calculated  °]a  N  4.63. 

PIcrate  of  5-bromo-l-methyllndollne.  Yellow -greenish  crystals.  M.p.  151-152:5*  (from  alcohol). 

Found  <7(1  C  40.93;  H  3.30;  N  12.70.  Ci5HiP7N4Br.  Calculated  % :  C  40.83;  H  2.97;  N  12.70. 

5-Bromo-l-methyllndole  (III).  A  solution  of  19. 9  g  of  (II)  and  23  g  of  chloranil  In  xylene 
was  boiled  for  an  hour  and  a  half.  The  dark  reaction  mixture  was  treated  with  alkali,  filtered,  and  the  xylene 
layer  was  washed  successively  with  dilute  alkali  solution,  water,  hydrochloric  acid  (1:1)  and  water.  (Ill)  was 
distilled  In  vacuo.  B.p.  136-140*  at  2  mm.  Yield  10.47  g  (53‘yo).  The  thick,  slightly  colored  liquid  turned  yellow 
on  keeping.  The  compound  was  distilled  repeatedly. 

B.  p.  147-148*  at  4  mm,  d4*°  1.4916,  n^^*®  1.6392,  50.70;  calc.  50. 

Found  C  51.46;  H  4.09;  N  6.43.  CgHgNBr.  Calculated  C  51. 45,  H  3. 84;  N  6. 67. 

PIcrate  of  5-bromo-l-methyllndole  was  prepared  in  benzene.  Orange  crystals.  M.p.  88.5-89^  (from 
benzene). 

Found  N  12.78.  Ci5Hii07N4Br.  Calculated  %:  N  12.75. 

5-nromo-l-methylisatIn  (IV).  To  a  solution  of  3.8  g  of  (III)  in  20  ml  of  glacial  acetic  acid  was  added 
dropwlse  a  solution  of  2.5  g  of  CrOj  In  25  ml  of  80*70  acetic  acid.  Slight  evolution  of  heat  and  formation  of  a 
precipitate  were  observed.  In  2  hours  the  reaction  mixture  was  poured  into  water  (150  ml),  filtered,  and  ex¬ 
tracted  with  chloroform.  After  the  chloroform  was  evaporated,  0.4  g  of  (IV)  was  obtained.  M.p.  168.5-170*. 

A  mixed  sample  with  known  l-methyl-5-bromolsatln  gave  no  depression  In  melting  point. 

Found  % :  N  5.85.  C9H502NBr.  Calculated  ^o’.  N  5.84. 

5-  (p-Sulfophenylazo)-l-mcthyllndolIne  (V).  A.  To  a  solution  of  13.3  g  of  (I)  In  40  ml  of  HCl  (1:1) 
was  added  a  solution  of  diazotized  sulfanllic  acid  (20.9  g),  while  the  mixture  was  cooled  below  0*.  Then 
several  milliliters  of  30'7oNaOH  were  added,  but  the  reaction  medium  was  kept  strongly  acid.  At  a  pH 
of  2,rapid  formation  of  the  azo  dye  started.  The  whole  reaction  mixture  congealed  as  a  dark-red  mass.  The 
compound  was  filtered  off,  washed  with  water,  and  dried  in  a  drying  oven  at  150*;  32  g  (quantitative  yield)  was 
obtained.  The  dark  raspberry -colored  compound  was  very  poorly  and  slowly  soluble  In  hot  water.  (It  weakly 
colored  the  hot  water,  and  precipitated  from  cold  water  as  needles.)  It  decomposed  upon  heating  above  300*. 

Found'7p:C56.71;H4.83:N  13.19.  C15H15O3N3S.  Calculated  %:  C  56.76;  H  4.76;  N  13.25. 

UV  absorption  spectrum:  Xpp^^  ^62;  Ige  3.217;  X^ax  ^8^  max  3-490.  (Absorption  spectrum 

measured  with  SF-4  spectrophotometer.  The  solvent  was  water). 

B.  Azo  coupling  was  carried  out  as  described  In  the  preceding  experiment,  but  excess  alkali  was  added 
(until  there  was  a  strongly  alkaline  reaction).  The  reaction  mixture  was  left  for  a  day  In  the  refrigerator.  The 
crystals  of  (VI)  that  separated  out  were  filtered  off.  The  compound  was  dried  In  an  oven  at  150*.  The  yield 
was  quantitative.  The  compound  separated  from  the  reaction  mixture  as  the  hydrate,  which  melted  around  30* 
The  desiccated  compound  (red -orange  crystals)  decomposed  upon  heating  above  300*.  After  recrystalllzatlon 
from  alcohol,  crystals  with  a  strong  red  luster  were  obtained. 

Found  C  52.82;  H  4.26;  N  12.41.  CjsHjPsNjSNa.  Calculated  %  ;  C  53.08;  H  4.16;  N  12.38. 

UV  absorption  spectrum:  Xmax  266;  Ige  3.747;  X^a^  *g^max  4.012. 

5-Amino-l-methyllndoline  (VII).  The  azo  dye  (V),  which  was  obtained  from  13.3  g  of  Indoline  and 
20.9  g  of  sulfanllic  acid,  was  placed  In  200  ml  of  cone.  HCl  and  100  g  of  SnCl2  was  added,  after  which  the 
reaction  mixture  was  heated  to  boiling  for  1  hour.  Alkali  was  added  to  the  cooled  mixture  until  the  reaction 
was  strongly  alkaline,  and  the  mixture  was  repeatedly  extracted  with  ether.  The  extract  was  dried  with 
potassium  carbonate,  the  ether  was  distilled  off,  and  (VII)  was  distilled  In  vacuo.  B.p.  123.?  at  3  mm.  M.p. 
94-9?  (with  decomp..  In  a  sealed  capillary)  The  white  crystalline  material  sublimed  upon  heating.  It  de¬ 
composed  when  kept. 
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Found  af^  C  72.94;  H  8.24.  CjHuN,.  Calculated  C  72.93;  H  8.16. 

5-Benzoylamldo-l-methyllndolIne  was  prepared  by  the  benzoylatlon  of  (VII)  by  the  Schotten-Baumann 
method!  M.p.  176-176.5*  (from  alcohol).  (It  darkened  when  heated  In  a  sealed  capillary  above  150*). 

Founds  C  75.97;  H  6.41.  Calculated 'Tk  :  C  76. 16;  H  6. 39. 

5-PhthalImIdo-l-methylIndoline  (VIII).  The  compound  was  prepared  by  heating  equlmolecular  amounts 
of  (VII)  and  phthalic  anhydride  to  180*.  Yellow  crystals.  M.p.  172-173’  (from  alcohol). 

Found  ofo:  C  73.30;  H  5.18.  C^HiPiN*  Calculated  %  C  73.36;  H  5.07. 

5-Phthalimido-l-methyllndole  (IX).  17  g  of  (VIII)  and  14.2  g  of  chloranil  were  boiled  In  xylene  for  4 
hours.  The  xylene  solution  was  treated  with  alkali,  filtered,  again  washed  with  alkali,  then  with  water,  HCl 
(1:1),  and  water.  The  xylene  solution  was  evaporated  and  8  3  g  (49‘5())  of  5-phthalImido-l-methyllndole  was 
obtained.  M.p.  211-21?  (from  xylene,  then  from  benzine). 

Found  %;  N  9.85.  Ci7H|20jN2.  Calculated  %:  N  10.14. 

5-Amlno-l-methylindole  (X).  To  a  mixture  of  12.9  g  of  (IX)  and  200  ml  of  alcohol  was  added  3  ml  of 
hydrazine  hydrate.  The  mixture  was  heated  to  boiling  for  3  hours,  the  phthalazine  that  separated  out  was 
filtered  off,  the  alcohol  was  evaporated  in  vacuo  to  half  its  volume,  the  residual  solution  was  poured  into  water, 
alkali  was  added,  and  (X)  was  extracted  with  ether.  The  ether  extract  was  dried  with  potassium  carbonate, the 
ether  was  distilled  off,  and  6  g  (93%)  of  5-amlno-l-meihylindole  was  obtained  by  distilling  in  vacuo.  White 
crystals.  B.p.  143-144*  at  2  mm.  M.p.  lOO-lOL?  (in  a  sealed  capillary).  It  sublimed  upon  heating.  It  de¬ 
composed  when  kept.  Strong  blue  tribolumlnescence. 

Found  %:  C  73.87;  H  7.12.  C9H10N2.  Calculated  %:  C  73.93;  H  6.89. 

5-Benzoylamido-l-methylIndole  (XI)  was  prepared  by  benzoylatlon  by  the  Schotten-Baumann  method. 

M.p.  191-19?  (fn  a  sealed  capillary)  (from  aqueous  alcohol,  then  from  toluene). 

Found  %;  N  10.79.  CiaHi40N2.  Calculated  %:  N  11.20. 

5-Bromo-l-methylIndollne  (II)  from  5-amIno-l-methylindolIne  (VII).  A  solution  of  1.44  g  of  NaNOj  In 
water  was  added  to  50  ml  of  hydrobromic  acid  (1:1)  with  vigorous  cooling  (below  0*)  and  stirring.  To  the 
mixture  of  nitrous  and  hydrobromic  acids  obtained  was  added  a  solution  of  2.96  g  of  (VII)  in  30  ml  of  HBr  (1:1). 
The  resulting  mixture  was  added  drop  by  drop  to  a  boiling  suspension  of  freshly  prepared  CujBrj  in  50  ml  of 
HBr  (1:1).  After  completion  of  the  adddition  of  the  diazo  solution,  the  mixture  was  heated  for  3  hours  more, 
then  cooled,  made  strongly  alkaline,  the  (II)  was  steam-distilled  off  and  extracted  with  ether,  and  an  ether 
solution  of  picric  acid  was  added  to  the  ether  solution  of  (II).  The  picrate  of  5-bromo-l-methyllndoIlne  was 
obtained.  M.p.  147-148”  .  A  mixed  sample  with  known  5-bromo-l-methylindoline  gave  no  depression  in 
melting  point. 

5-NItroso-l-methylindoline  (XII).  13.3  g  of  (I)  was  dissolved  in  50  ml  of  dry  ether,  10.3  g  of  butyl 
nitrite  was  added,  and  a  current  of  dry  HCl  was  passed  through,  while  the  mixture  was  stirred  and  cooled  with 
water.  In  20  minutes  the  precipitate  of  indollne  hydrochloride  that  had  separated  out  was  filtered  off,  washed 
with  dry  ether,  dissolved  in  water,  and  aqueous  ammonia  solution  was  added.  The  nitroso  derivative  precipitated 
as  a  black  mass,  which  partially  crystallized.  The  crystals  of  (XII)  were  removed,  the  mother  liquor  was  ex¬ 
tracted  with  chloroform,  and  the  chloroform  was  evaporated.  The  nitroso  derivative  obtained  was  pressed  out 
on  a  porous  plate.  6  g  of  brown-green  crystals  (37%)  were  obtained.  Solutions  In  benzine  had  an  emerald-green 
color.  Upon  crystallization  from  benzine,  green  crystals  separated  out,  which  then  turned  red-brown.  M.p.‘ 
84.5-85.5*  (from  benzine). 

Found  %:  C  66.50;  H  6.36.  CgHjcONj.  Calculated  %:  C  66.64;  H  6.21. 

UV  absorption  spectrum.  Solvent  water;  283;  Ig  c  3,404;  x  425;  Ige  4.269. 

Solvent  dilute  hydrochloric  acid:  x^ax  ^  max  ^  ‘480;  Xmax  *8^max  ’^•252. 
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SUMMARY 


1.  A  method  of  synthesis  has  been  proposed  for  indoles  substituted  in  the  benzene  ring  by  the  method  of 
'temporary  shutting  off"  of  die  pyrrole  nucleus  of  the  indole;  the  Indole  is  converted  to  the  indoline.  the  sub- 
stitutent  is  introduced  into  the  benzene  ring  of  the  indoline,  and  the  substituted  indoline  obtained  is  dehydro** 
genated  to  form  the  corresponding  indole. 

2.  The  preparation  of  5-amino-l-methylindole  and  5**bromo-l<*methylindole  has  been  described. 

3.  5-Bromo-,5-amino-i5-nItroso,  and  5"(p-sulfophenylazo)-l-methylindolines  have  been  prepared. 

LITERATURE  CITED 

[1]  A.  P,  Terent’ev  and  M.  N.  Preobrazhenskaya,  Proc,  Acad.  Sci.  USSR,  118,  302  (1958).* 

[2]  M  .  Wenzing,  Lieb.  Ann.,  239,  239  (1887). 

[3]  E.  Bamberger,  E.  Zumbro,  Ber.,  26,  1285  (1893X 

[4]  O.  Carrasco,  Gazz. ,  38,  306  (1908). 

[5]  R.  Bent  et  al.,  J.  Am.  Chem.  Soc.,  73,  3125  (1951). 

[6]  F.  King,  J.  Barltrop  and  R.  W alley,  J.  Chem.  Soc.,  1943,  277. 

fT]  J.  V.  Braun  et  al.  Ber.  45,  1265  (1912);  46,  3169  (1913);  47,  493  (1914)t 

[81  P.  Julian  and  H.  Printy,  J.  Am.  Chem.  Soc.,  71,  3206  (1949). 

[9]  R.  Woodward  et  al. ,  J.  Am.  Chem.  Soc.,  78  ,  30  87  (1956). 

[10]  S.  Sugasawa,  I.  Satoda  and  J.  Yanagisawa.  Zbl.,  1938,  II,  1410. 

[11]  S.  Akaborl  and  K.  Salto,  Zbl.,  1930,  II,  3257. 

[12]  T.  Hoshino  and  K.  Takiura,  Zbl.,  1936,  II.  1925. 

[13]  H.  Adkins  and  L.  Lundsted,  J.  Am.  Chem.  Soc.,  71,  2964  (1949). 

[14]  M.  Kann  and  J.  Tafel.  Ber.,  27,  826  (1894X 

[  15]  K.  Potts  and  J.  Saxton,  J.  Chem.  Soc. ,  1954,  2641. 

[16]  W.  Borsche  and  W.  Jacobs.  Ber.,  47,  360  (1914). 

[17]  M.  Kohn  and  A.  Ostersetzer. ,  Monatsh. ,  34,  791  (1913). 

[18]  R.  Gnehm  and  E  Blumer,  Lieb.  Ann.,  304,  87  (1898). 

[19]  German  patent  193211;  Zbl.,  1908,  1,  503. 

Received  November  28,  1957. 


•Original  Russian  pagination.  See  C.  B.  translation. 


327 


CONFIGURATION  AND  PROPERTIES  OF  UNSATURATED  ACIDS  AND 


THEIR  DERIVA  TIVES. 

X.  TIIIOCYANATION  OF  OLEIC  AND  ELAIDIC  ACIDS  AND  THEIR  ESTERS 

A.  K.  PIIsov  and  L  A  Zhlla 

Odessa  Institute  of  Food  and  Refrigeration  Industry 

It  has  been  shown  previously  that  oleic  and  elaldlc  acids  and  also  their  methyl  esters  react  at  different 
rates  with  thiocyanogen  solutions;  oleic  acid  and  methyl  oleate  are  thiocyanated  considerably  more  rapidly 
than  elaldlc  acid  and  methyl  elaldate  f  1].  In  view  of  the  fact  that  the  different  effect  of  alcohol  radicals  on 
the  reactivity  of  cIs-  and  trans -derivatives  of  unsaturated  acids  has  been  established  in  earlier  Investigations 
(2],  it  seemed  to  us  necessary  to  Inquire  into  this  problem  in  the  instance  of  the  thiocyanatlon  reaction.  More¬ 
over,  thiocyanation  and  thiocyanate  compounds  have  recently  attracted  the  attention  of  chemists  also  because 
they  have  various  practical  uses  In  the  vulcanization  of  rubber,  in  medicine  [3],  in  the  dye  industry  [4],  insect* 
ticide  industry  [5],  etc. 

In  order  to  study  the  thiocyanation  reaction,  we  synthesized  the  methyl,  ethyl,  butyl,  isobutyl,  tert-amyl, 
n-hexyl,  benzyl,  phenyl,  and  a-naphthyl  esters  of  oleic  and  elaidic  acids  and  set  up  experiments  on  their  thio¬ 
cyanation  at  different  temperatures  and  different  concentrations  of  the  reagents.  Below  are  presented  some  of  the 
most  essential  results  of  our  experiments,  which,  as  In  our  earlier  work  on  the  hydrogenation,  oxidation,  halo- 
genation,  and  saponification  of  the  geometrically  Isomeric  esters  of  unsaturated  acids,  indicate  that  the  cis-form 
Is  thiocyanated  more  rapidly  than  the  irans-form  .Moreover,  In  thiocyanation  the  effect  of  the  length  of  the  chain 
and  the  volume  of  the  alcohol  radical  is  revealed  especially  clearly. 

In  order  to  clarify  the  chemical  affinities  in  the  thiocyanation  reaction,  we  isolated  and  characterized  the 
end  products  of  the  thiocyanation  of  the  methyl  esters  of  oleic  and  elaidic  acids  —  methyl  dithiocyanooleate 
and  methyl  dithiocyanoelaidate. 

In  comparing  the  data  obtained  by  us  on  thiocyanation  with  the  results  of  hydrogenation,  oxidation,  and 
halogenation,  attention  is  attracted  by  the  similarity  of  the  numerical  data  on  hydrogenation  and  thiocyanation, 
which  cannot  be  said  of  the  oxidation  and  halogenation  reactions.  To  more  fully  elucidate  this  problem,  we 
set  up  special  experiments  on  the  hydrogenation  of  a  series  of  esters  for  which  information  is  lacking  in  the 
literature. 

EXPERIMENTAL 

Preparation  of  starting  materials.  The  oleic  acid  necessary  for  the  Investigation  was  prepared  from  commer¬ 
cial  oleic  acid  by  purification  according  to  TwitchalTs  method  [6]  and  recrystallization  of  its  lithium  salt  [7]. 

Elaidic  acid  was  prepared  by  the  isomerization  of  oleic  acid  with  metallic  selenium  [81.  Preparation  of  the 
methyl,  ethyl,  n-butyl.  Isobutyl,  and  benzyl  esters  was  carried  out  by  the  usual  method  —  heating  the  acid  and 
the  appropriate  alcohol  on  a  water  bath  in  the  presence  of  sulfuric  acid. 

n-Hexyl  oleate  has  not  been  described  In  the  literature.  We  prepared  it  by  direct  esterification  In  the 
presence  of  sulfuric  acid,  and  also  from  n-hexyl  bromide  and  potassium  oleate  in  anhydrous  alcohol  after  6  hours' 
heating  on  a  holing  water  bath.  After  vacuum  distillation  in  a  current  of  COj,  the  n-hexyl  oleate  was  obtained 
as  a  colorless  oily  liquid  without  odor.  It  was  soluble  in  ethyl  ether,  alcohol,  benzene,  CHClj,  and  glacial  acetic  acid. 
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Constants  of  Esters  of  Oleic  and  Elaidic  Acids 


<M 

w 

OQ 

< 

H 


u 

< 

o 

n 

o 

< 

••H 

u 

IQ 

o 

3 

S 

V 

bO 

<Q 

0) 

o£ 


(2 


TJ 

C 

cQ 


to 


73 

0) 

73 

73 

< 


a 


§ 

bO 

o 

a 


3 

f- 


Esters 

jKjqdBu-o 

26.5 

38.6 

1.7 

iXqj 

-qdBU-» 

lO  lO  o 

CC  CNI  CO 

•<r  m 

aiepiap 

{Xzuoq 

lO  00 

ci 

CN|  CO 

31B9IO 

iXzuoq 

VP  OS  M 

cd  “Q*  cd 

vp  lO 

aiupiBia 

iXuaqc 

CO  CD  o 

00  CNJ 

CM  vf 

01B31C 

TXuaqd 

vp CO 

b-  cd  cd 
vpiO 

oiepieia 

iXxoq-t 

CMCO  O 

QCO  CM 

CO 

31B9I0 
iXxa  q-i 

lO  eo  o 
c>q6  vp 
mio 

iXuiv-na: 

lO  lO  CM 

CM  ^  CM 

CO  ^ 

iXme-uo: 

in  lO  CO 

CO  vf 

mco 

oiepiep 

iXjnqosT 

uo 

lO  cm' 

oieoic 

iXmqosj 

CM  in  p 
cd  ^-r  in 
m  CD 

dispiBls 

{Xinq-u 

pp 

05  CM* 

CO  Vf 

oieoxo 

iXjng-u 

CD  ^ 

00  in  »n 
m  CD 

aiepjHio 

lAqia 

31B3I0 

iXqia 

P  OO  CM 

^  o  cd 

CO 

oiepfHis 

iXqioui 

p  p  to 
in  cd  cd 
vf  m 

aieoio 

iXqioiu 

p  p  CO 
cd  in 

CD 

"u 

< 

0IPIBI3 

p 
iri  cd 

CM  CO 

ojaio 

Oi  p  00 

Q  CM 
in 

Time  from  start  of 
experiment  (In  minutes)' 

240 

360 

Average  rate  constant 
from  equation  for  bl- 
molecular  reaction 

Kj-  105 

329 


The  course  of  the  reaction  in  each  experiment  was  observed  by  20  determinations  of  the  thiocyanogen  number. 


Amount  of  Thiocyanogen  (in  %)  Added  at  25*  and  0.01  N  Concentration  of  Each  Reagent  in  Glacial  Acetic  Acid 
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For  each  experiment  18  determinations  of  the  thiocyanogen  number  were  carried  out 


n-Hexyl  elaidate  has  not  been  described  in  the  literature.  We  prepared  It  by  direct  esterification  In  the 
presence  of  H2SO4  in  69%  yield  as  an  oily  liquid  without  odor.  It  was  soluble  in  the  usual  organic  solvents. 

tert-Amyi  oleate  was  prepared  in  absolute  ether  medium  from  CjHiiMgBr  and  oleic  acid  chloride  by 
heating  for  2  hours  on  a  water  bath  and  subsequently  holding  the  reaction  mixture  for  12  hours.  After  the  re¬ 
action  was  over,  the  ether  solution  was  ptoured  off  from  the  precipitate  and  the  latter  was  mixed  with  a  small 
amount  of  Ice  and  dissolved  in  10%  acetic  acid.  The  solution  obtained  was  treated  with  ether  and  the  ethereal 
extracts  were  added  to  the  previously  decanted  ether  solution.  The  ether  solution  was  neutralized  with  0.5  N 
alcoholic  KOH,  washed  with  water  until  the  reaction  was  neutral,  dried  with  sodium  sulfate,  and  distilled.  The 
high-boiling  fraction  was  redistilled  in  vacuo  in  a  current  of  CO*.  The  pure  ester,  obtained  in  a  yield  of  about 
50%,  was  an  oily,  colorless  liquid. 

tert-Amyl  elaidate  hasnot  been  described  in  the  literature.  We  prepared  it  In  the  same  way  as  the  amyl 
oleate,  with  a  yield  of  50%,  as  a  colorless  liquid  without  odor,  soluble  in  the  usual  solvents. 

Phenyl  oleate  was  prepared  from  oleic  acid  chloride  and  potassium  phenolate  in  52%  yield.  In  the  litera¬ 
ture  phenyl  oleate  has  been  characterized  only  by  its  boiling  point. 


TABLE  4 


Amount  of  Hydrogen  (in  %)  Adding  to  Esters  of  Oleic  and  Elaidic  Acids  on  Pd-Catalyst 
at  2?  for  60  minutes 


Ester 

Amount  oi 

Ester 

Butyl  oleate 

Butyl  elaidate 

Isobutyl  oleate 

Isobutyl  elaidate 

Hexyl  oleate 

Hexyl  elaidate 
tert-Amyl  oleate 
tert-Amyl  elaidate 

90 

79 

86 

75 

78 

61 

75 

65 

Benzyl  oleate 

Benzyl  elaidate 

Phenyl  oleate 

Phenyl  elaidate 
a-Naphthyl  oleate 
a-Naphthyl  elaidate 

.Arnount  of 
hydrocen 
(in  %^ 


70 

72 

63 

63 

52 


Phenyl  elaidate  was  prepared  by  us  for  the  first  time  from  phenol  and  elaidic  acid  chloride  in  pyridine 
solution  in  46%  yield.  Phenyl  elaidate  was  a  solid,  colorless  material  with  a  phenol  odor,  which  dissolved  in 
ether,  alcohol,  benzene,  carbon  tetrachloride,  and  glacial  acetic  acid. 

a-Naphthyl  oleate  was  prepared  by  us  for  the  first  time  from  potassium  ot-naphtholate  and  oleic  acid 
chloride  [91.  The  yield  of  pure  ester  was  about  4  8%  .  a-Naphthyl  oleate  at  room  temperature  was  a  yellowish 
liquid  with  a  slight  odor.  It  dissolved  in  the  usual  solvents.  Upon  cooling  with  Ice  it  solidified  to  a  yellowish 
crystalline  mass. 

a-Naphthyl  elaidate  was  prepared  by  us  for  the  first  time  by  esterification  In  the  presence  of  pyridine  [9] 

In  45%  yield.  It  was  a  solid  yellowish  crystalline  material  with  a  slight  naphthol  odor.  It  dissolved  in  organic 
solvents. 

Constants  characterizing  their  degree  of  purity  were  determined  for  the  esters  that  were  prepared  by  us 
for  the  first  time,  and  also  for  phenyl  oleate  (Table  1). 

Experiments  on  the  thiocyanation  of  esters  of  oleic  and  elaidic  acids.  The  results  of  the  thiocyanation 
experiments  carried  out  at  different  temperatures,  the  rate  constants  of  the  reaction,  the  activation  energies, 
and  the  reaction  constants  presented  in  Tables  2  and  3  Indicate  the  significant  role  of  the  steric  factor  In  these 
reactions 

The  difference  in  the  reactivity  of  the  cis-  and  trans-  forms  attracts  attention.  In  thiocyanation  the  length 
of  the  carbon  chain  of  ihe  alcohol  radical  and  its  volume  also  have  an  effect.  The  greatest  effect  In  this  con¬ 
nection  is  exerted  by  the  naphthyl  radical. 


Preparation  of  tlie  dithiocyanates  of  the  methyl  esters  of  oleic  and  elaklic  acids  in  a  flask  with  a  well 
ground  stopper  was  placed  a  weighed  sample  (10  g)  of  the  methyl  ester  of  oleic  or  elaidlc  acid,  and  over  the 
sample  was  poured  10  ml  of  thiocyanogen  solution  prepared  from  100  g  of  Pb(CNS)j  in  225  ml  of  98<yo  acetic 
acid  with  10%  acetic  anhydride  and  10  ml  of  dry  bromine.  The  mixture  was  left  for  24  hours  In  the  dark  at 
room  temperature.  Then  the  mixture  was  poured  Into  a  separatory  funnel  and  the  thiocyanate,  obtained  was 
separated  from  the  polymer  by  extraction  with  ether.  The  ether  solution  was  washed  several  times  with  distilled 
water,  neutralized  with  0. IN  alcoliallc  solution  of  KOH,  and  washed  with  water  to  a  neutral  reaction;  the  ether 
solution  was  dried  with  anhydrous  sodium  sulfate  and  the  ether  was  distilled  off 

The  thiocyanates,  which  were  obtained  In  almost  100%  yield,  were  yellowish  oily  liquids  with  a  specific 
odor,  insoluble  in  water,  readily  soluble  in  alcohol,  ether,  benzene,  chloroform,  CCI4,  and  glacial  acetic  acid. 

It  was  not  possible  to  convert  the  compounds  obtained  to  the  soll<J  state.  When  an  attempt  was  made  to  distil 
them  In  vacuo,  the  thiocyanates  decomposed  with  the  formation  of  tarry  products  of  unpleasant  odor. 

Methyl  Dithlocyanooleate 

d/®  1.0091,  n”D  1.4970. 

Found  %:  N  (by  the  Kjeldahl  method)  6.49;  S  (by  the  Messinger  method)  15.30;  CNS  (by  the  method  of 
Panchenko  and  Smirnov)  28.00.  Calculated  %:  N  6.78;  S  15.50;  CNS  28.16, 

Methyl  d  1  thioc  y  a  n  oe  1  a  Id  a  t  e . 

d/®  1.1040,  Up*®  1.4946 

Found  %t  N  (by  the  Kjeldahl  method)  6.52;  S  (by  the  Messinger  method)  15.25;  CNS  (by  the  method 
of  Panchenko  and  Smirnov)  27.93.  C^gllj^jlCNS)!.  Calculated  %;  N  6.78;  S  15.50;  CNS  28.16. 

Experiments  on  the  hydrogenation  of  the  esters  of  oleic  and  elaidlc  acids  The  hydrogenation  conditions 
were  similar  to  those  described  previously  [1].  Mixing  of  the  Pd/BaS04  catalyst  was  carried  out  with  the  aid 
of  a  magnetic  stirrer.  The  results  of  the  hydrogenation  are  presented  In  Table  4. 

SUMMARY 

1.  The  following  compounds,  which  have  not  been  described  In  the  literature,  were  prepared  and  their 
properties  described:  n-hexyl  oleate,  n-hexyl  elaldate,  tert-amyl  elaldate,a-naphthyl  oleate,  a-naphthyl 
elaldate,  phenyl  elaldate,  methyl  dithlocyanooleate,  and  methyl  dithlocyanoelaldate. 

2.  It  has  been  established  that  oleic  acid  and  the  oleates  are  thlocyanated  considerably  more  rapidly 
than  elaidlc  acid  and  the  elaidates;  in  addition,  the  length  of  the  chain  of  the  alcohol  radical  and  its  volume 
have  a  greater  effect  in  the  oleates  than  In  the  elaidates. 
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STEROIDS 


II.  SYNTHESIS  OF  PROGESTERONE  FROM  SOLASODINE. 

N.  N.  Suvorov,  L.  V.  Sokolova,  L.  M.  Morozovskaya,  and  V.  S. 
Murasheva 

S.  Ordzhonikidze  All-Union  Scientific -Research  Chemicopharmaceutfcal  Institute 


We  have  reported  previously  the  development  of  a  convenient  method  for  preparing  the  valuable  medicinal 
compound  cortisone  acetate  from  solasodine  through  progesterone,  lla-hydroxyprogesterone,  and  21-bromo- 
pregnanol-17a-trione-3,  11,  20  fl  ].  In  the  present  experimental  article  data  are  presented  relative  to  the 
conversion  of  solasodine  to  the  hormone  of  the  corpus  luteum,  progesterone. 

Solasodine  (I)  Is  an  aglucone  of  steroidal  glucoalkalolds  Isolated  from  "bird  nightshade"  (Solanum  avl- 
culare  Forst. ).  This  plant  was  Introduced  into  culture  In  our  country  in  VILAR*  by  P.  N.  Kibal’chich  and  I.  N. 
Gerasimenko.  The  preparation  of  solasodine  has  been  accomplished  by  A.  S.  Labenskii  in  our  institute. 

The  synthesis  of  progesterone  from  solasodine  has  not  been  described  in  the  literature.  There  exists  only 
a  brief  indication  by  Sato,  Miller  and  Mosettlg  [21  that  when  solasodine  is  heated  with  acetic  anhydride  with 
subsequent  oxidation  of  the  reaction  product  by  chromic  acid  and  saponification  by  a  methanol  solution  of 
potassium  hydroxide,  a  semicrystalline  product  is  formed.  The  latter  was  chromatographed,  acetylated,  and  the 
acetate  that  was  obtained  was  again  subjected  twice  to  chromatographing,  as  a  result  of  which  the  acetate  of 

-pregnadIenol-36  -one-20  and  3  0  -acetoxy-16-methoxy-20-keto-A®’“pregnene  were  isolated  along  with 
other  unidentified  products.  Neither  the  experimental  conditions  nor  the  yield  of  the  acetate  of  A®’^*"pregnadlen- 
ol-30  -one-20  (judged  on  the  whole,  it  was  insignificant)  was  stated.  *  We  have  established  that  the  process 
of  converting  solasodine  to  the  acetate  of  A*’^®"pregnadienol-3S  -one-20  (IV)  can  be  carried  out  In  three  stages, 
without  Isolation  of  the  Intermediate  products:  a)  acetylation  of  the  hydroxyl  group  In  the  3-posItIon  and  opening 
of  the  six-membered  nitrogen-containing  ring;  b)  oxidative  cleavage  of  the  double  bond  with  formation  of  a 
keto  group  In  position  20;  c)  splitting  off  of  the  side  chain  from  position  16  with  the  formation  of  a 
double  bond.  It  should  be  pointed  out  that  the  exact  mechanism  of  these  reactions  has  not  yet  been  established 
by  us  and  this  will  be  the  object  of  further  investigation. 

It  must  be  noted  that  in  spite  of  the  structural  and  configurational  similarity  of  solasodine  and  diosgenin, 
the  behavior  of  these  compounds  In  the  reaction  under  consideration  is  completely  different.  While,  according 
to  the  data  of  Wall  et  al.  [3],  heating  the  acetate  of  diosgenin  with  acetic  anhydride  at  195*  for  18  hours  leads 
to  the  formation  of  A*’^®"pregnadIenol-3  0  -one-20  in  78%  yield,  in  the  case  of  solasodine  complete  reslnlfica- 
tlon  is  observed  under  these  conditions.  We  have  found  that  opening  of  the  nitrogen -containing  heterocyclic 
ring  (I)  -►  (II)  should  be  carried  out  In  the  presence  of  acid  catalysts  (p-toluenesulfonlc  acid  gives  the  best  results) 
in  acetic  acid  medium  using  a  minimum  amount  of  acetic  anhydride. 

Oxidative  cleavage  of  the  double  bond  (II)  -♦  (III)  can  be  carried  out  under  various  conditions.  However, 
it  Is  most  expedient  to  carry  out  the  oxidation  with  sodium  bichromate  in  acetic  acid  at  room  temperature. 

•All-Union  Institute  of  Medicinal  and  Aromatic  Herbs. 

•  •After  the  article  went  to  press,  a  report  appeared  by  Sato,  Latham,  and  Mosettig  [13]  which  indicated  that  total 
yield  of  pregnane  derivatives  under  these  conditions  was  only  10%  of  theoretical. 
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Splitting  off  of  the  side  chain  with  the  formation  of  a  A^*^^^^"double  bond  (III)  -♦  (IV)  can  be  carried  out 
in  both  alkaline  and  acid  media.  In  the  first  instance  we  used  a  solution  of  potassium  hydroxide  in  tert-butyl 
alct^ol  (primary  alcohols  give  16-alkoxy  derivatives  hereX  Although  this  method  gives  good  results,  It  requires 
the  introduction  of  an  additional  step  —  acetylation  with  acetic  anhydride  In  pyridine.  Acid  cleavage,  similar 
to  die  work  of  Cameron  et  al.  with  a  series  of  sapogenlns  [4],  can  be  carried  out  by  simply  boiling  the  reaction 
mixture.  In  this  case  the  conversion  of  solasodine  to  the  acetate  of  A®'^*-pregnadIenol-30  -one-20  is  accomplished 
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very  compactly.  The  yield  of  acetate  of  A®*“-preg;nadlenol-3a  -one-20  (IV)  was  44%  calculated  on  sola- 
iodine  (I). 

Thus,  we  succeeded  In  developing  a  convenient  method  for  the  preparation  of  die  acetate  of  A*’^*"pregna- 
dIenol-3B  -one-20  [5].  It  should  be  pointed  out  that  this  compound  Is  the  key  to  the  synthesis  not  only  of  pro¬ 
gesterone  and  cortisone,  but  also  of  other  steroidal  hormones:  sex  hormones  [6],  desoxycorticosterone  [7], 
Relchsteln's  compound  "S"  [  8],  etc. 

The  further  conversion  of  the  acetate  of  -pregnadlenol-38  -one-20  to  progesterone  was  canled  out 
according  to  the  scheme  proposed  by  Butenandt  and  Schmidt-Thomtf  [  9]  and  Oppenauer  [  10]. 

The  present  method  makes  possible  the  preparation  of  progesterone  (VII)  from  solasodlne  (I)  In  four 
stages  In  33  %  yield. 


EXPERIMENTAL 

Acetate  of  A'^*^*-pregnadIenol-36  -one-20  (IV).  To  a  solution  of  100  g  of  solasodlne  (containing  4. 2% 
moisture)  In  600  ml  of  99.4%  acetic  acid  was  added  a  solution  of  7.2  g  of  p-toluenesulfonlc  acid  monohydrate 
In  a  mixture  of  60  ml  of  the  same  acetic  acid  and  108  ml  of  acetic  anhydride.  The  reaction  mixture  was 
stirred  at  room  temperature  for  1  hour  and  then  boiled  for  6  hours.  It  was  cooled  to  15-18*,  700  ml  of  99.4% 
acetic  acid  was  added,  and  a  solution  of  50  g  of  sodium  bichromate  In  300  ml  of  the  previously  mentioned 
acetic  acid  was  added  over  a  period  of  20-30  minutes  while  the  mixture  was  stirred  and  the  temperature  was 
kept  at  15-22r.  The  reaction  mixture  was  allowed  to  stand  at  the  same  temperature  for  1  hour,  30  g  of  anhydrous 
sodium  sulfate  was  added,  the  mixture  was  heated  to  80*,  100  ml  of  acetic  anhydride  was  added,  and  the 
mixture  was  boiled  for  3  hours.  Then  1300  ml  of  acetic  acid  was  distilled  off  In  vacuo  (40-50  mm)  at  a  bath 
temperature  of  60-70*,  the  residue  was  cooled  to  23-25*,  and  to  It  was  added  570  ml  of  water  over  a  period  of 
20-30  minutes  with  vigorous  stirring.  In  1  hour  the  precipitate  of  the  acetate  of  A®’^*”pregnadlenol-3fl  -one-20 
(IV)  was  separated  by  suction  and  washed  on  the  filter  with  55%  (by  volume)  of  acetic  acid  until  the  filtrate 
was  colorless,  then  with  water  until  there  was  no  longer  an  acid  reaction  to  litmus;  70.2  g  of  crude  precipitate 
was  recrystallized  from  350  ml  of  alcohol.  The  yield  of  (IV),  taking  Into  account  that  obtained  from  the  mother 
liquor,  was  36  g  (44%).  M.p.  172-173*,  [a]®D  —  36*  (c  0.9,  CHC18).  238  txifj  (Ige  40X  The  compound 

obtained  did  not  give  a  depression  In  melting  point  when  mixed  with  a  known  sample  of  the  acetate  of  a**^** 
pregnadlenol-3S  -one -20. 

From  the  acetic  acid  mother  liquor  we  Isolated,  by  distilling  off  the  acetic  acid  In  vacuo  and  extracting 
with  methylene  chloride,  about  9g  of  a  material  with  m.p.  197-200*,  the  structure  of  which  Is  being  studied. 

The  acetate  of  A^  -  pregnenol-33  -one-20  (V)  was  obtained  by  hydrogenation  of  (IV)  over  the  skeletal 
nickel  catalyst  of  A.  K.  Ruzhentseva,  V.  V.  Kolpakova,  and  N.  S.  Goryacheva  [11]  In  ethyl  alcohol  at  room 
temperature  and  atmospheric  pressure.  Yield  90%  M.p.  146-148*. 

Saponification  of  (V)  to  A®"pregnenol-38  -one-20  (VI)  was  canled  out  by  the  method  of  O.  S  .  Madaeva 
[12]  with  a  methanolic  solution  of  potassium  carbonate.  Yield  of  (VI)  95.5%  M.p.  188-190*, [ a]j)**  +  23.9^ 

(c  3,  CHClj). 

Progesterone  or  A^"pregnenedione-3,20  (VII)  was  obtained  by  oxidation  of  (VI)  according  to  Oppenauer*s 
method  with  cyclohexanone  In  toluene  in  the  presence  of  aluminum  isopropylate.  Yield  87  %  M.p.  128-129r, 
[a]jj*®  +  195*  (c  0.5.  alcohol).  The  compound  obtained  showed  no  lowering  of  the  melting  point  when  mixed 
wl^  a  known  sample  of  progesterone  and  met  the  requirements  of  the  State  Pharmacopeia  of  the  USSR. 


SUMMARY 

The  synthesis  of  progesterone  from  solasodlne  has  been  accomplished. 
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SYNTHESES  BASED  ON  SCLAREOL. 

I.  INVESTIGATION  OF  THE  REACTION  PRODUCTS  OF  SCLAREOL  AND 
HYDROGEN  CHLORIDE 

G.  V,  Lazur'evskll  and  D  P.  Popa 
Moldavian  Branch  of  the  Academy  of  Sciences  USSR 


The  crystalline  diterpene  alcohol  sclareol  has  attracted  the  attention  of  chemists  by  Its  unique  structure 
(I)  and  availability.  It  Is  contained  In  muscatel  sage  [Salvia  sclarea]  and  can  be  obtained  easily  as  a  by-product 
in  the  manufacture  of  the  sage  essential  oil.  The  Interest  in  sclareol  that  has  appeared  In  recent  years  was 
elicited  mainly  by  its  structural  relationship  with  ambreln[l],  which  Is  responsible  for  the  perfume  qualities  of 
ambergris  [2].  By  oxidative  decomposition  of  sclareol, it  has  actually  been  possible  to  prepare  several  pleasant, 
smelling  compounds, which  have  been  recommended  as  complete  substitutes  for  the  amber  [3]. 

The  possibilities  of  converting  sclareol  to  new  compounds  of  practical  value  are  still  far  from  exhausted; 
therefore  we  aimed  to  carry  out  a  series  of  syntheses  based  on  it.  Expecting  to  obtain  In  the  final  accounting 
derivatives  containing  an  amine  group,  we  Investigated  the  hydrochlorination  of  sclareol.  However,  we  did  not 
succeed  In  Isolating  the  trichlorosclareol  described  In  the  literature  [4,5],  although  we  made  repeated  attempts. 
Instead  of  It,  we  obtained  each  time  a  liquid  product  of  the  composition  C2oH3/;il,  which  contained  two  double 
bonds.  When  we  hydrogenated  this  product  with  palladium  catalyst,  3  g-moles  of  hydrogen  were  absorbed  and 
1  g-mole  of  chlorine  was  quantitatively  split  out. 

Analysis  of  the  IR  spectrum  of  this  compound  showed  that  in  the  region  850-1050  cm“*  It  is  close  to  the 
spectra  of  the  sclarenes  (II)  and  (III)  obtained  by  dehydration  of  sclareol  [6]. 

The  absorption  maxima  in  the  region  888  and  908  cm“^  (Fig.  1)  Indicate  that  in  the  molecule  of  the  re¬ 
action  product  of  sclareol  and  hydrogen  chloride  there  are  tertiary-primary  ^C=  CH2  and  secondary-primary 
-CH=CH2  carbon -carbon  double  bonds. 

In  the  spectrum  of  sclareol  the  frequencies  920  and  996  cm"^  correspond  to  the  vinyl  bond,  as  can  be  seen 
from  a  comparison  of  the  absorption  curves  of  sclareol  and  Its  hydrogenation  product,  dihydrosclareol  (Fig.  2). 
Such  a  movement  of  the  absorption  maximum  of  the  vinyl  group  toward  the  short-wave  direction  (from  908  to 
920  cm“^)  In  the  sclareol  spectrum  Is  a  result,  apparently  of  the  effect  of  the  two  hydroxyls. 


The  presence  of  a  tertiary-primary  carbon-carbon  bond  in  the  reaction  product  of  sclareol  and  hydrogen 
chloride  Is  also  substantiated  by  the  Raman  spectra,  in  which  a  line  at  1651  cm"^  Is  found.  Moreover,  In  these 
spectra  a  line  Is  found  at  710  cm"^,  which  Indicates  the  presence  of  chlorine  in  the  compound  In  question. 


By  careful  oxidation  of  the  monochloro  derivative  with  potassium  permanganate,  two  compounds  were 
obtained.  One  of  them,  a  neutral  compound  with  the  composition  C20H32O  and  m.p.  97-98",  did  not  contain 
an  active  hydrogen  and  did  not  give  an  oxime  or  semicarbazone.  1  g-mole  of  this  compound  absorbed  2  g- 
moles  of  hydrogen.  No  maximum  characteristic  of  the  carbonyl  group  was  found  In  Its  IR  spectrum  (Fig.  3);the 
frequency  1075  cm"^,  according  to  the  data  In  [7],  corresponds  to  the  oxide  group  .^C-O-CXT;  the  distinct 
maximum  at  1010  cm"\  apparently,  also  Is  characteristic  of  this  group.  Moreover,  in  the  spectrum  of  this  com¬ 
pound  the  band  at  912  cm"^  Is  preserved, which  is  characteristic  of  the  -CH=CH2  group. 
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On  the  basis  of  these  data  It  can  be  considered  that  the  neutral  compound  Is  an  oxide  of  structure  (V). 

The  second  compound,  with  m.p.  99-101* ,  was  a  hydroxy  acid  of  the  composition  CkH|^3,  which  should 
assigned  the  formula  (IV)  on  the  basis  of  the  results  of  chemical  analysis  and  spectroscopic  data. 


Fig.  1.  Infrared-absorption  spectra;  1)  chloro  derivative;  2)  sclarene. 
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Fig.  2.  Infrared -absorption  spectra:  1)  sclareol;  2)  dlhydrosclareol. 
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Fig.  3.  Infrared -absorption  spectra;  1)  hydroxy  acid;  2)  oxide 

The  IR  spectrum  of  the  acid  with  maxima  at  954,  1301,  and  1447  cm"*  confirmed  the  presence  of  a  carboxyl 
group,  and  the  maxima  at  1080  and  1340  cm"*  showed  the  presence  of  a  hydroxyl  group  (Fig.  3).  In  the  spectrum 
of  sclareol  the  hydroxyl  group  corresponds  to  the  maximum  at  1085  cm'*  (Fig.  2),  which  differs  little  from  the 
frequency  1089  cm"*  which,  according  to  the  data  in  (71,  is  characteristic  of  the  tertiary  hydroxyl  in  compounds 
of  the  sclareol  series.  The  maximum  at  1340  cm"*  was  found  in  the  spectrum  of  sclareol  too,  where,  as  can  be 
seen  from  comparison  with  the  spectrum  of  sclarene  (Fig.  1),  it  also  corresponded  to  the  hydroxyl  group.  The 
strong  maxima  at  1390  and  1460  cm"*  present  in  both  spectra  are  characteristic  of  methyl  groups  C-CH8  and 
therefore  do  not  require  special  consideration. 

The  acid  (IV)  was  also  obtained  by  oxidation  of  the  oxide  (V);  consequently  the  oxide  must  be  considered 
an  intermediate  oxidation  product.  In  turn,  the  structure  of  the  oxide  (V)  can  be  explained  only  by  assuming  the 
formation,  in  the  first  stage  of  the  oxidation,  of  the  chloroglycol  (VI),  which  could  be  produced  by  the  oxidation 
of  the  chloro  derivative  (VII)  under  mild  conditions. 


All  these  data  indicate  that  the  reaction  product  of  sclareol  and  hydrogen  chloride  is  a  mixture  of  isomer^ 
of  the  composition  C20H33CI  one  of  which  is  compound  (VII). 

EXPERIMEN  TA  L 

Reaction  of  sclareol  and  hydrogen  chloride  30  g  of  sclareol  was  dissolved  in  150  ml  of  absolute  ether  and 
a  stream  of  dry  hydrogen  chloride  was  passed  for  5  hours  through  the  solution,  which  was  cooled  to  0*.  The  solu¬ 
tion  saturated  with  hydrogen  chloride  was  allowed  to  stand  for  24  hours  at  room  temperature.  Then  the  ethereal 
solution  was  washed  with  ice  water,  10%  sodium  carbonate  solution,  and  again  with  water  until  the  chlwide 
ions  were  completely  removed.  The  ethereal  solution  was  dried  with  sodium  sulfate  and  then  the  ether  was 
distilled  off  on  a  water  bath.  The  residue  was  distilled  in  vacuo.  24.3  g  of  a  colorless,  viscous  liquid  was  ob¬ 
tained. 

B.p.  158-16?  at  1  mm,  d4“  1.0054,  nj)*®  1.5222,  MRp  93.89;  calc.  94.09 

Found  %:  Cl  11.32.  C2oH3^1  P2.  Calculated  %  Cl  11.50. 

Upon  catalytic  hydrogenation,  the  amount  of  hydrogen  absorbed  was  1.87%  (based  on  the  molecular  weight 
of  the  compound).  The  hydrogen  calculated  for  2  double  bonds  and  1  atom  of  chlorine  was  1.95. 
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Oxidation  of  the  product  of  hydrochlorlnatlon.  24  g  of  the  compound  was  dissolved  in  150  ml  of  acetone, 
and  a  solution  of  57  g  of  potassium  permanganate  in  3  liters  of  acetone  was  added  in  small  portions  with  cooling. 
After  the  color  of  the  permanganate  did  not  disappear  in  5  hours,  the  manganese  dioxide  was  removed.  After  the 
acetone  was  distilled  off,  the  reaction  product  was  dissolved  in  150  ml  of  ether,  washed  with  10%  sodium  carbon¬ 
ate  solution,  and  then  the  ether  was  distilled  off.  The  residue  was  a  thick,  yellow,  pleasant-smelling  liquid, 
which  solidified  upon  standing.  After  recrystallization  from  acetone,  2. 1  g  of  a  white,  crystalline  compound 
was  obtained  with  m.p.  97-93*. 

Found  %  C  83.01;  H  1L40;  H  (active)  0.03.  M  (cryoscoplc)  283.3.  CjoHsjO.  Calculated  %t  C  83.33;  H 

11.11;  H  (activeX  M  288. 

Upon  catalytic  hydrogenation,  the  amount  of  hydrogen  absorbed  was  1.49%  (based  on  the  molecular  weight 
of  the  compound^  The  hydrogen  calculated  for  2  double  bonds  was  1.40 

The  manganese  dioxide  separated  from  the  acetone  solution  was  washed  3  times  with  hot  2%  alkali  solution. 
The  sodium  carbonate  and  alkali  solutions  were  combined,  acidified  with  sulfuric  acid,  and  extracted  with  ether. 
The  ether  was  distilled  off  and  the  residue  was  crystallized  from  60%  acetic  acid.  1. 6  g  of  a  white,  finely  crystal 
line  material  was  obtained.  After  2  recrystallizations  from  a  mixture  of  methanol  and  water  (2:1)  the  m.p.  was 
99-101*. 

Found  %:  C  70.71;  HD. 41;  H  (active)  0.81.  Equlv.  257.1  C^HzA-  Calculated  %:  C  70.86;  H  10.23; 

H  (active)  0.78.  Equiv.  =  M  254. 

The  mother  liquor  after  crystallization  of  the  acid  was  a  brown,  thick  liquid  with  a  sharp  odor. 

The  IR  spectra  and  the  Raman  spectra  were  determined  by  us  in  the  labotatories  of  the  Leningrad  State 
University  and  the  Botanical  Institute  of  the  Academy  of  Sciences  of  the  USSR  under  the  direction  of  G.  V. 
Plgulevskli. 


SUMMARY 

1.  When  sclareol  was  reacted  with  hydrogen  chloride,  the  product  obtained  was  a  mixture  of  Isomers  of 
the  composition  C20H 3^1.  On  the  basis  of  the  data  from  chemical  and  spectral  analysis  a  structural  formula 
has  been  proposed  for  one  of  the  components. 

2.  When  the  monochloro  derivative  of  sclareol  was  oxidized,  an  oxide  C»H,20  and  a  hydroxy  acid 
CisHjiPs  were  isolated  that  had  not  been  described  in  the  literature. 
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THE  SAPOGENIN  OF  PATRINIA  ROOTS 


N.  A. Serova  and  L.  M.  Utkin 

S.  Ordzhonikidze  All-Union  Scientific -Research  Chemlcopharmaceutlcal  Institute. 


In  connection  with  an  exploration  of  native  flora  undertaken  by  us  for  the  purpose  of  developing  plants 
containing  steroidal  compounds,  we  turned  our  attention  to  the  plant  Patrinia  intermedia  Roem.  and  Schult. 
(family  valerlanaceae);  the  roots  of  this  plant  were  investigated  by  A.  M.  Sokol'skaya  [1],  who  found  in  them 
a  rather  high  saponin  content,  and  ascribed  a  steroidal  nature  to  the  sapogenin  obtained  from  it  and  proposed 
for  it  a  structural  formula  with  little  basis.  In  view  of  the  fact  that  some  data  presented  in  the  publication 
cited  elicited  doubt,  we  investigated  this  plant  anew. 

As  material  for  our  Investigation  we  used  roots  of  Patrinia  collected  by  an  expedition  from  our  institute 
under  the  direction  of  P.  S.  Massagetov  in  July  1954  on  the  sands  at  Lake  Issyk-Kul*;  part  of  the  experiments 
were  carried  out  with  Patrinia  roots  obtained  from  the  IrzhevaTsk  ZOS  VILAR.  The  two  samples  gave  exactly 
the  same  results. 

The  saponin  was  obtained  by  treatment  of  the  roots  with  methanol  and  precipitation  from  the  methanol 
extract  with  ether;  the  yield  agreed  with  that  indicated  by  A.  M.  Sokol’skaya  [1].  When  the  saponin  was  hydro¬ 
lyzed  by  heating  it  with  dilute  sulfuric  acid,  a  sapogenin  was  obtained  that  formed  a  difficultly  soluble  sodium 
salt;  this  indicated  that  the  sapogenin  was  acid  in  nature.  The  free  sapogenin  isolated  from  the  sodium  salt 
had  the  composition  C30H48O3;  its  properties  and  those  of  its  derivatives  conformed  with  the  properties  of  ole- 
anolic  acid  and  Its  derivatives.  The  infrared  absorption  spectra  of  the  crystalline  acetates  of  the  sapogenin  and 
oleanollc  acid  agreed  completely. 

The  method  used  by  us  for  processing  the  plant  material  was  basically  similar  to  that  employed  by  A.  M, 
Sokol'skaya  [1],  and  the  yield  of  sapogenin  obtained  by  us,  calculated  on  the  amount  of  plant  material,  was 
close  to  that  given  in  the  article  cited,  in  spite  of  the  fact  that  we  purified  the  sapogenin  through  the  sodium 
salt.  Therefore, we  are  inclined  to  think  that  the  sapogenin  obtained  by  A.  M.  Sokol’skaya  was  oleanollc  acid. 
Such  an  assumption  Is  also  favored  by  the  data  from  the  elementary  analysis  of  the  sapogenin, which  are  given  in 
In  the  publication  cited  [1]  and  which  agree  better  with  the  formula  C3oH4g03  than  with  the  formula  C21H32O2 
suggested  by  the  above-mentioned  author. 


EXPERIMENTAL 

Isolation  of  the  saponin.  100  g  of  ground,  air-dried  Patrinia  roots  were  extracted  with  80%  methanol  in 
a  Soxhlet  apparatus  for  16  hours;  the  extract  was  separated  by  filtration  from  a  small  amount  of  flocculent  pre¬ 
cipitate  and  the  saponin  was  precipitated  with  three  volumes  of  ether;  the  precipitate  was  filtered  off,  washed 
with  ether,  and  dried  at  80*;  the  yield  of  technical  saponin  was  13.3  g.  It  was  a  brownish  powder,  which  did 
not  give  a  compound  with  cholesterol. 

Hydrolysis  of  the  saponin  and  isolation  of  the  sapogenin.  10  g  of  the  saponin  and  100  ml  of  5%  sulfuric 
acid  were  heated  on  a  boiling  water  bath  for  5  hours;  separation  of  precipitate  started  in  40-50  minutes  after 
the  heating  was  begun.  The  precipitate  was  filtered  out  in  a  Buchner  funnel,  with  cooling,  carefully  washed 
with  water,  dried  at  100*,  and  dissolved  in  ether;  the  ether  solution  was  shaken  with  1  N  sodium  hydroxide  solu¬ 
tion,  upon  which  a  crystalline  precipitate  of  the  sodium  salt  of  the  sapogenin  separated  out  in  the  aqueous  layer; 
the  liquid  was  removed  by  suction  and  the  salt  was  washed  with  ether  and  1  N  sodium  hydroxide  solution. 
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dissolved  in  70‘^inethanol,the  solution  was  boiled  with  carbon  for  2  hours,  filtered  hot,  and  acidified  with  acetic 
acid;  the  crystalline  sapogenin  that  precipitated  on  cooling  was  filtered  off,  washed,  with  70%  methanol,  and 
dried;  yield  1.5  g.  After  recrystallization  (several  times)  from  hot  methanol,  needles  were  obtained  with  m.p. 
306-308*,  [alp*®+  83.6*  (c  0.8).  The  sapogenin  gave  no  depression  in  melting  point  when  mixed  with  oleanolic 
acid  (m.p.  307-308*)  prepared  by  us  from  mistletoe  leaves  [2]. 

The  acetate  of  the  sapogenin  was  prepared  by  boiling  the  sapogenin  with  10  parts  of  acetic  anhydride  for 
30  minutes;  after  recrystallization  from  acetone  the  m  p.  was  265-26T,  [a]D*®+  74.8*  (c  0.7).  The  elementary 
composition  corresponded  to  the  formula  Cs*H50O4. 

The  methyl  ester  was  prepared  by  the  action  of  an  ether  solution  of  diazomethane  on  a  suspension  of  the 
sapogenin  in  ether,  whereupon  the  material  went  into  solution  rather  rapidly  with  the  evolution  of  nitrogen; 
after  the  ether  was  distilled  off  and  the  residue  was  recrystallized  from  acetone,  the  m.p.  was  197-200* ,fa]D*^ 

+  75.7*  (c  1);  literature  data  [3];  197-19^,  [a]jj  +  75*.  The  elementary  composition  corresponded  to  the  formula 

CjiHsjOj. 

The  acetate  of  the  methyl  ester  was  prepared  by  the  action  of  diazomethane  on  the  acetate  of  the  sapogenin. 
After  recrystallization  from  alcohol, flakes  were  obtained  with  m.p.  220-221*,  66. (c  0.9);  literature 

data  [4]:  m.p.  218-220*,  [a]u  +  66.T.  The  elementary  composition  corresponded  to  the  formula  C33H52O4. 

All  three  derivatives  of  the  sapogenin  gave  no  depression  in  melting  point  when  mixed  with  the  correspond¬ 
ing  derivatives  of  oleanolic  acid. 

The  specific  rotation  was  determined  in  chloroform  in  all  cases. 

SUMMARY 

A  sapogenin  obtained  as  the  principal  product  from  the  hydrolysis  of  the  saponin  of  the  roots  of  the  plant 
Patrlnia  intermedia  Roem  and  Schult.  was  oleanolic  acid. 
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DISCUSSION 


BROMINATION  OF  CYCLIC  KETONES  WITH  THE  AID  OF  DIOXAN 
DIBROMIDE 

A.  N.  Kost  and  P.  B.  Terent'ev 
Moscow  State  University 


I.  V.  Marchinskaya  and  A.  S.  Podberezina  [1]  recently  published  a  paper  entitled,  "The  problem  of  the 
bromination  of  cyclic  ketones  with  the  aid  of  dloxan  dibromIde.  "Using  the  method  of  bromination  proposed  by 
L.  A.  Yanovskaya  and  A.  P.  Terent’ev  [2,3],  the  authors  did  not  succeed  In  preparing  monobromocyclohexanone, 
from  which  fact  they  drew  an  erroneous  conclusion  regarding  the  uselessness  of  dioxan  dlbromide  for  the  prepara¬ 
tion  of  monobromoketones. 

We  consider  It  necessary  to  state  that  this  method  has  been  repeatedly  checked  by  a  number  of  authors 
(for  example,  [4])  and  always  has  given  well-defined  results.  In  particular,  the  bromination  of  cyclohexanone 
with  the  aid  of  dioxan  dibromide  has  been  successfully  carried  out  by  students  in  the  course  of  their  practice  in 
organic  chemistry.  The  failure  encountered  by  the  authors  Is  explained  by  a  number  of  deviations  from  the  pro¬ 
cedure  for  carrying  out  the  bromination  as  described  by  Yanovskaya,  consisting  first  In  the  fact  that  the  bromlnat- 
ing  agent  and  the  ketone  were  not  used  in  equimolecular  quantities  (0.3  mole  of  dioxan  dibromide  to  0.13  mole 
of  cyclohexanone).  In  addition,  the  ketone  was  run  into  the  dioxan  dibromIde  solution,  which  also  increased  the 
relative  amount  of  the  latter.  It  is  perfectly  clear  that  under  such  circumstances  it  would  be  impossible  to  expect 
the  formation  of  monobromocyclohexanone.  Secondly,  In  the  reaction  process  a  rise  In  temperature  was  permitted 
(self-heating  of  the  solution),  which  also  promoted  formation  of  the  dibromoketone. 

In  preparing  the  monobromo-substituted  ketones  by  the  method  of  L.  A.  Yanovskaya,  It  Is  necessary  to 
maintain  the  following  conditions.  1)  An  equimolecular  quantity  of  previously  prepared  dioxan  dibromIde  is 
added  in  small  portions,  with  cooling  and  stirring,  to  a  solution  of  the  ketone  in  ether  or  dioxan.  During  this 
process  each  portion  is  added  only  after  complete  decoloration  of  the  preceding  portion.  It  is  sometimes 
necessary  to  wait  2-5  minutes  for  the  reaction  to  start  (decoloration  of  the  first  portion  of  dioxan  dibromIde). 

In  a  number  of  cases  it  is  also  useful  to  warm  the  solution  slightly  or  to  add  to  it  2-3  drops  of  concentrated  hydro¬ 
chloric  acid.  After  the  beginning  of  the  reaction  the  decoloration  of  subsequent  portions  of  dioxan  dibromIde  is 
almost  instantaneous.  2)  In  the  bromination  process, in  most  instances,  it  Is  necessary  to  cool  the  ketone  solution 
with  ice.  3)  As  a  result  of  the  slight  stability  of  the  a-bromoketones,  it  is  necessary  to  carry  out  the  removal 
of  the  solvent  and  the  distillation  of  the  bromo -derivative  in  a  current  of  nitrogen  In  vacuo  at  the  lowest  pressure 
possible  in  order  to  reduce  tar  formation.  The  yields  of  monobromocyclohexanone  by  this  method  are  45-65%. 
depending  on  the  skill  of  the  experimenter. 
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LETTERS  TO  THE  EDITOR 


NEW  DERIVATIVES  OF  AZULENE 

F.  N.  Stepanov  and  N.  A.  Aldanova 

Scientific -Research  Institute  of  Organic  Intermediates  and  Dyes. 

Several  groups  of  Investigators  [1]  have  recently  described  colored  derivatives  of  azulene  in  which  the 
nucleus  of  the  latter  is  a  part  of  the  chromophorlc  system.  The  tropyl  ring  of  azulene  plays  the  role  in  these 
compounds  of  one  electron  donor -acceptor  group  (auxochrome),  while  either  an  oxygen  atom  or  a  nitrogen  atom 
serves  as  the  other  auxochrome. 

We  •  have  prepared  salts  (I)  that  have  the  properties  of  typical  basic  dyes.  The  colored  cation  of  the 
compound  does  not  contain  heteroatoms,  and  the  seven -membered  rings  play  in  It  the  role  of  the  two  auxochromes. 
As  far  as  we  know,  this  is  the  first  example  of  salt-type  dyes  whose  colored  cation  is  a  hydrocarbon  group. 


(II 


The  perchlorate  and  chloride  of  the  dye  (I)  (X“  =  CIO4”  and  Cl"  respectively)  were  obtained  in  quanti¬ 
tative  yield  by  heating  slightly,  for  a  short  time, a  solution  of  azulene  in  orthofcwmlc  ester  with  a  small  excess  of 
the  appropriate  acid.  The  dye  that  was  formed  precipitated  slowly  as  an  almost  black,  slightly  bronzing  powder. 
The  chloride,  moreover,  was  prepared  by  the  condensation  of  azulene-2-aldehyde  [2]  with  azulene  In  methyl 
alcohol  solution  in  the  presence  of  a  small  excess  of  hydrochloric  acid.  The  latter  reaction  definitely  confirms 
structure  (I)  for  the  dye  obtained,  the  cation  of  which  may  be  called  diazulenyl-2-methene. 

The  perchlorate  was  rather  difficultly  soluble  in  the  lower  alcohols  and  chloroform.  Insoluble  in  water  and 
ether.  The  chloride  was  considerably  more  soluble  in  alcohols  and  in  water,  too.  The  two  salts  did  not  melt 
when  heated,  but  decomposed  above  200*. 

The  absorption  spectrum  of  the  new  dye  was  characterized  in  alcohol  solution  by  a  maximum  at  617  m  fj, 

<  61700. 

The  deeply  colored  solutions  of  the  dye  were  reversibly  decolorized  by  alkalization.  Ether  extracted  from 
the  alkaline  solution  a  light-yellow  substance  which  gave  the  starting  dye  with  acids.  The  new  compound,  which 
appeared  to  be  a  carblnol,  has  not  yet  been  satisfactorily  purified  (m.p.  73-7ff ).  When  recrystallization  was 
attempted,  the  material  lost  its  solubility  in  ether  and  alcohols,  going  over,  most  probably,  to  a  polymer. 

•L  A  report  was  presented  at  the  meeting  of  the  Academy  of  Sciences  of  the  USSR  entitled,  "The  problem  of 
aromaticity  and  new  carbocyclic  aromatic  systems"  on  April  8,  1958  in  Moscow. 

2.  After  the  present  communication  was  prepared  for  printing.  No.  13  of  the  Z.  Ang.  Chem.  was  received  in 
Moscow,  in  which  (p.  413)  there  was  reported  the  content  of  a  paper  by  K,  Hafner,  who  also  had  prepared  a 
methine  dye  from  azulene. 
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SYNTHESIS  OF  0-PEPTIDES  WITH  THE  AID  OF 
N.N*  -  DIG  YCLOHEX  YLCAR  BODIIMIDE 

L.  A.  Shchukina,  S.  N.  Kara-Murza,  and  R.  G.  Vdovina 

Institute  of  Biological  and  Medicinal  Chemistry  of  the  Academy  of  Medical 

Sciences  USSR. 

The  synthesis  and  study  of  the  properties  of  O-peptides  of  $  -hydroxy-  a-amino  acids  is  of  great  Interest 
in  connection  with  the  ever-increasing  biochemical  significance  of  compounds  of  this  type  However,  in  many 
instances  their  synthesis  is  associated  with  considerable  difficulties  Now  we  have  found  a  simple  method  for  the 
preparation  of  O-peptldes  that  consists  in  the  condensation  of  esters  of  N-acylated  hydroxyamino  acids  with 
N-acylamido  acids  by  means  of  N,N' -dlcyclohexylcarbodlimlde  The  reaction  is  carried  out  in  the  presence  of 
pyridine,  in  acetone  medium  (or  other  organic  solvents)  at  20*  for  24  hours.  In  this  way,  for  example,  we  pre¬ 
pared  the  following  compounds. 

1)  From  the  ethyl  ester  of  N-benzoylserylglyclne  and  carbobenzoxyleucine  we  obtained  the  ethyl  ester 
of  O-carbobenzoxyleucyl-N-benzoylserylglycine  in  84%  yield;  m.p.  11^  [from  a  mixture  of  ethyl  acetate  and 
petroleum  ether  (1:1)].  Found  %:  C  62.27;  H  6.66;  N  7.81;  CjgHjjOjN,.  Calculated  %  C  62.09;  H  6.51;  N  7.76. 

2)  From  the  ethyl  ester  of  N-benzoylserylglycine  and  carbobenzoxyphenylalanine  we  obtained  the  ethyl 
ester  of  0-carbobenzoxyphenylalanyl -N-benzoylserylglyclne  in  82%  yield  with  m.p.  140"  (from  CCI4).  Found  %: 

C  65.06;  H  6.10;  N  7.33.  CjiHjjOgN,.  Calculated  %  C  64.68;  H  5.78;  N  7.30. 

Furthermore,  under  similar  conditions  we  obtained  from  the  amide  of  salicylic  acid  and  carbobenzoxy¬ 
phenylalanine  an  85%  yield  of  the  amide  of  O-carbobenzoxyphenylalanylsalicyllc  acid;  m.p.  172*  [1]  (from 
alcohol). 
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In  conjunction  with  the  State  Commitee  on  Chemistry  of  the  Council  of  Ministers  USSR  and  Moscow 
State  University, the  Division  of  Chemical  Sciences  Academy  of  Sciences  USSR  Intends  to  hold  the  XI  th  All- 
Union  Conference?  on  High-  Molecular  Compounds  In  Moscow  in  June  1959;  the  Conference  will  be  devoted 
to  the  main  problems  of  the  processing  and  use  of  polymeric  materials. 

The  following  subjects  for  communications  are  proposed. 

1.  Anticorrosive  material. 

2.  Dielectrics. 

3.  Rubber  and  synthetic  rubber. 

4.  Chemical  fibers. 

5.  Polymeric  materials  in  building. 

6.  Methods  of  testing  polymeric  materials. 

7.  The  processing  of  plastics. 

8.  Polymeric  materials  In  machine  construction. 

9.  Films,  conservation,  packing. 

Persons  and  organizations  wishing  to  participate  In  the  Conference  should  present  theses  of  up  to  3  pages 
of  typewritten  text  (In  double  spacing)  before  February  15,1959  to  the  organizing  committee  of  the  Xlth  All- 
Union  Conference  on  High-Molecular  Compounds  to  the  address:  Moscow  V-71,  Lenin  Avenue,  d.  14,  Division 
of  Chemical  Sciences  Academy  of  Sciences  USSR. 

The  communications  should  be  limited  to  10-15  minutes. 


Organizing  Committee 
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SOVIET  RESEARCH 

in 

CATALYSIS 


Chemistry  Collection  No.  3.  Covers  all  aspects  of 
catalysis;  papers  selected  from  all  Soviet  chemical 
journals  translated  by  Consultants  Bureau,  1949-1955. 


Sections  may  be  purchased  separately  as  follows; 


1. 

Theoretical  and  Sundry 

Asaociated  BfTectt 

262  pagea 

S50.- 

11*. 

General 

250  pagea 

50.-^ 

1 

Ilb. 

General 

250  pages 

50.-  1 

^  $125.- 

i 

lie. 

General:  Reduction-Oxida¬ 

j 

tion  and  Fiacher-Troptch 

214  pages 

50.-] 

1 

III. 

Hydrogenation 

Dehydrogenation 

Cracking 

294  pages 

50.- 

IV. 

Isomerization 

Alkylation 

Dehydration 

274  pagea 

$50.- 

V. 

Polymerization 

Friedel-Crafta 

Zeigler 

128  pagea 

30.- 

The  Collection,  comprising  1,672  pages,  262  papers 
may  be  purchased  as  a  imit  for  $800.00 


Individual  papers  are  available  separately  —  Table  of  Contents  on  request. 
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CONSULTANTS  BUREAU,  INC. 

227  W.  17th  St.,  NEW  YORK  II,  N.  Y. 


The  Geochemical  Society 

— ^lifia— iB— ga— oMii  tfumUalUd  ^4om  fiudd4tiH> 


Physicochemical  Basis  of 
THE  Analysis  of 
THE  PARAGENESIS  OF  MINERALS 

by  D.S.  Korzhinskii 

Member^  Academy  of  SdenceSy  USSR 

'T’His  EHTiRE  w(«K,  based  on  the  author’s  twenty  years 
of  investigative  experience,  has  been  written  with  a 
twofold  purpose:  a)  To  provide  a  complete  text  on  the 
eubjeet,  heretofore  unavailable;  b)  To  supplement  the 
comparatively  sketchy  training  of  most  geologists  in 
physical  chemistry. 

The  main  part  of  Academician  Korzhinskii’s  volume  is 
devoted  to  the  presentation  of  different  methods  of  analy¬ 
sis  of  dependence  of  mineralogical  composition  on :  chem¬ 
ical  composition,  temperature,  pressure  and  chemical 
potentials  of  the  completely  mobile  components  under 
ecnditions  of  chemical  equilibrium — with  emphasis  laid 
on  the  use  of  projective  geometry,  so  important  for  repre¬ 
senting  these  relationships.  To  assure  complete  coverage 
of  the  subject,  the  author — in  cooperation  with  the  Geo¬ 
chemical  Society — has  personally  edited  and  amplified 
this  translation  of  his  work.  (Case-bound,  180  pp.,  illus¬ 
trated,  $7.50) 


- Abridged  Contents- - 

General  conditions  of  equilibrium  •  Reversible  (equi¬ 
librium)  processes  •  Derivation  of  thermody¬ 
namic  potentials  for  systems  of  different  types 

•  Representation  of  two-component  compounds 
and  projective  transformation  of  a  set  of  points 

•  Three-component  diagrams  of  composition 
and  their  projective  transformations  •  Representa¬ 
tion  of  multicomponent  systems  •  Application 

of  the  phase  rule  to  paragenetic  analysis  of  min¬ 
erals  •  Examples  of  parrjenetic  diagrams  of 
minerals  in  multicomponent  systems  •  Relation  be¬ 
tween  composition  and  the  magnitude  of  the 
chemical  potentials  of  a  component  •  Method  of 
equipotential  lines  on  the  composition-para- 
genesis  diagrams  •  Chemical  potential  surface  in 
the  three-component  systems  and  its  projection 
•  Algebraic  calculations  of  reactions  in  multicompo¬ 
nent  systems  by  means  of  determinants  •  Sys¬ 
tems  with  a  negative  number  of  degrees  of  freedom 
and  general  properties  of  multi-bundle  diagrams 


- Abridged  Contents - 

Methods  of  determination  of  rare  and  dispersed 
elements  in  soils  •  General  geochemical  regu¬ 
larities  in  distribution  of  rare  elements  •  Soil¬ 
forming  rocks  and  soils  of  the  East  European 
Plain  •  Boron  in  soils  •  Fluorine,  bromine  and  iodine 
in  soils  •  Arsenic  and  selenium  in  soils 

•  Lithium,  rubidium  and  cesium  in  soils  •  Strontium 
and  barium  in  soils  •  Rare  earths  and  yttrium 

•  Titanium  and  zirconium  in  soils  •  Vanadium,  chro¬ 
mium,  manganese,  cobalt  and  nickel  in  soils 

•  Copper,  zinc  and  cadmium  in  soils  •  Lead  and  tin 
in  soils  •  Molybdenum  and  tungsten  •  Radio¬ 
active  elements  in  soils  •  Other  dispersed  elements 

in  soils  •  Certain  geochemical  regularities  in 
distribution  of  rare  elements  in  soils 


The  Geochemistry  of  Rare 
AND  Widely  Scattered 
Chemical  Elements  in  Soils 

2nd  Editioriy  Revised  and  Enlarged 

by  A.P.  Vinogradov 

T  N  THE  LIGHT  OF  new  data  from  the  laboratories  of  the 
V.I.  Vemadskii  Institute  of  Geochemistry  and  Analy¬ 
tical  Chemistry,  Academy  of  Sciences,  USSR,  the  author 
has  brought  his  work  completely  up  to  date — particularly 
with  respect  to  the  physicochemical  properties  of  the 
individual  rare  elements,  and  to  their  occurrence  and 
distribution  in  soils  and  rocks,  as  well  as  their  role  in  the 
lives  of  plants,  animals  and  humans.  (236  pp.,  illus¬ 
trated,  $3.60) 


C£.  translations  by  bilingual  scientists  include  all  diagrammatic,  tabular  and  photographic  mate¬ 
rial  integral  with  the  text. 


CONSULTANTS  BUREAU^  INC. 

227  W.  17th  St.,  NEW  YORK  11,  N.Y. 
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